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(57) ABSTRACT

A compound represented by the formula (I) (R* represents
hydrogen atom or a monovalent substituent; R* and R> rep-
resent hydrogen atom, an alkyl group, or a halogen atom; R*
and R® represent an alkyl group or an aryl group; R° and R”
represent hydrogen atom, an alkyl group, or a halogen atom;
R® represent hydroxy group or a dialkoxyboranetriyl group;
and X represents silicon atom, germanium atom, or tin atom),
which is a novel fluorophore usable as a mother nucleus of an
off/on type fluorescent probe not utilizing the intramolecular
photoinduced electron transfer.

15 Claims, 8 Drawing Sheets



U.S. Patent Nov. 17, 2015 Sheet 1 of 8 US 9,187,499 B2

Fig. 1

12 ¢

Normalized absorbancs
L= B
B s3] o e

b
b3

356 400 458 500 854 8o &80
Wavalength [}

~—ph 3

Nommalized Buarescence
oS S ~s
n O o .

b

850 575 BOO 825 850 874 700
Wavelangth {am]



U.S. Patent Nov. 17, 2015 Sheet 2 of 8 US 9,187,499 B2

Fig. 2
1.2 ¢
~—2-Me TG pH3
§ T 2-Me TG pHY '
8 - 202 TM pH 3
5 0.8 — Z-fhs T pHS
‘{‘{: ! .
I
& -
§ 0,4 ”
2
8.2 ¢
G H

350 375 400 425 450 475 500 525 550 §75 600 625
Wavelangth [nm]



U.S. Patent Nov. 17, 2015 Sheet 3 of 8 US 9,187,499 B2
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1
FLUORESCENT PROBE

TECHNICAL FIELD

The present invention relates to a fluorescent probe having
a novel fluorophore.

BACKGROUND ART

Fluorescein is a molecule reported in 1871, and has been
widely used as a pH indicator or a labeling dye because of the
high water solubility and high fluorescence quantum yield
thereof. Since a calcium probe containing fluorescein as a
mother nucleus was developed, there have been provided a
large number of highly sensitive fluorescent off/on type
probes utilizing intramolecular photoinduced electron trans-
fer (PET), decyclization or cyclization of spiroling, and the
like. However, plural dyes containing fluorescein as a parent
compound cannot be simultaneously used in molecular imag-
ing, since fluorescence wavelengths thereof overlap with each
other. Moreover, the probes utilizing the intramolecular pho-
toinduced electron transfer suffer from a problem that such
probes require precise design of the oxidation potential of the
benzene ring, and therefore modification of the chemical
structure is strictly limited.

Further, almost no reports were made as for structural
modification of fluorescein at the oxygen atom of the 10-po-
sition of the xanthene ring, and optical characteristics of such
compounds, wherein the oxygen atom at the 10-position of
the xanthene ring is replaced with another type of atom, are
not known so far. Although a compound corresponding to the
basic structure of rhodamine, pyronin Y (PY), of which oxy-
gen atom is replaced with silicon atom (TMDHS) and appli-
cation of this compound as a fluorescent probe have already
been reported (Best, Q et al., Pacifichem 2010, subject num-
ber 2335, Dec. 19, 2010; Yuichiro KOIDE et al., Fourth Con-
vention of The Japanese Society for Molecular Imaging, sub-
ject number P8-9, May 14, 2009), this fluorescent probe
having TMDHS as the basic structure is basically a probe
utilizing the intramolecular photoinduced electron transfer,
or decyclization or cyclization of spiroling. In addition, any
compound corresponding to fluorescein, of which oxygen
atom at the 10-position of the xanthene ring is replaced with
silicon atom, has not been reported so far, and fluorescent
characteristics of such a compound are also not known.

PRIOR ART REFERENCES
Non-Patent Documents

Non-patent document 1: Best, Q et al., Pacifichem 2010,
subject number 2335, Dec. 19, 2010

Non-patent document 2: Yuichiro KOIDE et al., Fourth Con-
vention of The Japanese Society for Molecular Imaging,
subject number P8-9, May 14, 2009

SUMMARY OF THE INVENTION
Object to be Achieved by the Invention

An object of the present invention is to provide a fluores-
cent probe having a novel fluorophore.

More specifically, the object of the present invention is to
provide a compound which can be a novel fluorophore usable
as a parent compound of a fluorescent off/on type probe not
utilizing the intramolecular photoinduced electron transfer by
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2

chemically modifying the fluorescein structure, and provide a
fluorescent probe utilizing such a compound.

Means for Achieving the Object

The inventors of the present invention conducted various
researches to achieve the aforementioned object. As a result,
they found that, as for a compound having the fluorescein
structure in which the oxygen atom at the 10-position of the
xanthene ring was replaced with silicon atom, the maximal
absorption wavelengths of the non-dissociated form (neutral
form) and dissociated form (anion form) of such a compound
significantly deviated, and the difference of the wavelengths
was about twice or more larger than that is observed in the
non-dissociated form (neutral form) and dissociated form
(anion form) of a fluorescein derivative (the oxygen atom at
the 10-position of the xanthene ring is conserved). They also
found that, by utilizing this characteristic, a fluorescent probe,
capable of highly sensitive measurement of pH, various
enzymes, and the like, was successfully provided without
utilizing the intramolecular photoinduced electron transfer.
The present invention was accomplished on the basis of the
aforementioned findings.

The present invention thus provides a compound repre-
sented by the following general formula (I):

[Formula 1]

@

Rl

| *

/
R2 R?

O N
RS X o}

/\
R¢ RY R® g7

wherein, in the formula, R® represents hydrogen atom, or the
same or different 1 to 5 monovalent substituents existing on
the benzene ring; R? and R independently represent hydro-
gen atom, an alkyl group having 1 to 6 carbon atoms, or a
halogen atom; R* and R’ independently represent an alkyl
group having 1 to 6 carbon atoms, or an aryl group having 1
to 6 carbon atoms; R® and R” independently represent hydro-
gen atom, an alkyl group having 1 to 6 carbon atoms, or a
halogen atom; R® represents hydroxy group, or a dialkoxybo-
ranetriyl group; and X represents silicon atom, germanium
atom, or tin atom, or a salt thereof.

According to a preferred embodiment of the aforemen-
tioned invention, there is provided the aforementioned com-
pound or asalt thereof; wherein R represents hydrogen atom,
or 1 to 3 monovalent substituents existing on the benzene ring
(the substituents are selected from the group consisting of an
alkyl group having 1 to 6 carbon atoms, an alkenyl group
having 1 to 6 carbon atoms, an alkynyl group having 1 to 6
carbon atoms, an alkoxy group having 1 to 6 carbon atoms,
hydroxy group, carboxy group, sulfonyl group, an alkoxycar-
bonyl group, a halogen atom, and amino group), R* and R?
independently represent hydrogen atom, an alkyl group hav-
ing 1 to 6 carbon atoms, or a halogen atom, R* and R’ inde-
pendently represent an alkyl group having 1 to 6 carbon
atoms, R® and R” independently represent hydrogen atom, or
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an alkyl group having 1 to 6 carbon atoms, R® represents
hydroxy group, or (pinacolato)boranetriyl group; and X rep-
resents a silicon atom. According to a further preferred
embodiment, there is provided the aforementioned com-
pound or a salt thereof, wherein R represents hydrogen atom,
or 1 to 3 monovalent substituents existing on the benzene ring
(the substituents are selected from the group consisting of an
alkyl group having 1 to 6 carbon atoms, an alkoxy group
having 1 to 6 carbon atoms, hydroxy group, carboxy group, a
halogen atom, and amino group), R? and R® independently
represent hydrogen atom, or a halogen atom, R* and R® inde-
pendently represent an alkyl group having 1 to 3 carbon
atoms, R® and R” are both hydrogen atoms, both chlorine
atoms, or both fluorine atoms, R® represents hydroxy group;
and X represents silicon atom.

From other aspects of the present invention, there are pro-
vided the aforementioned compound represented by the gen-
eral formula (I) or a salt thereof, which is for use in manufac-
ture of a fluorescent probe, and use of the aforementioned
compound represented by the general formula (I) or a salt
thereof for manufacture of a fluorescent probe.

The present invention also provides a compound repre-
sented by the following general formula (II):

[Formula 2]

an

Rl

| b

P
RZ R?

O N
Y X (@]

/\
R¢ RY R® g7

wherein, in the formula, R', R?, R*,R*,R%,R®,R”, and X have
the same meanings as those defined above, and Y represents
OR'! (Rn represents hydrogen atom, or a monovalent group
that is cleaved by contact with an object substance for mea-
surement) or a dialkoxyboranetriyl group, or a salt thereof.
According to preferred embodiments, there are provided
the aforementioned compound or a salt thereof, wherein R*
represents hydrogen atom, or 1 to 3 monovalent substituents
existing on the benzene ring (the substituents are selected
from the group consisting of an alkyl group having 1 to 6
carbon atoms, an alkoxy group having 1 to 6 carbon atoms,
hydroxy group, carboxy group, sulfonyl group, an alkoxycar-
bonyl group, a halogen atom, and amino group), R* and R>
independently represent hydrogen atom, an alkyl group hav-
ing 1 to 6 carbon atoms, or a halogen atom, R* and R” inde-
pendently represent an alkyl group having 1 to 6 carbon
atoms, R® and R” independently represent hydrogen atom, or
an alkyl group having 1 to 6 carbon atoms, or they are both
chlorine atoms or both fluorine atoms, X is silicon atom, and
Y is OR'' (R is monovalent group that is cleaved by an
enzyme), or (pinacolato)boranetriyl group; the aforemen-
tioned compound or a salt thereof, wherein R'! is hydrogen
atoms, or a monovalent group that is cleaved by a reductase,
an oxidase, or a hydrolase; and the aforementioned com-
pound or a salt thereof, wherein R'! is hydrogen atom, or a
monovalent group that is cleaved by an enzyme selected from
the group consisting of -lactamase, cytochrome P450 oxi-
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4

dase, [-galactosidase, [-glucosidase, [-giucuronidase,
-hexosaminidase, lactase, alkaline phosphatase, matrix met-
alloproteinase, and glutamyl transferase.

As another aspect, the present invention provides a pH
fluorescent probe containing a compound represented by the
aforementioned general formula (II) (in the formula, R, R?,
R? R* R’ and X have the same meanings as those defined
above, and Y represents hydroxy group) or a salt thereof.

The present invention also provides a method for measur-
ing pH, which comprises the step of measuring pH by using a
compound represented by the aforementioned general for-
mula (IT) (in the formula, R*, R?, R?, R*, R®, and X have the
same meanings as those defined above, and Y represents
hydroxy group) or a salt thereof as a fluorescent probe, and a
method for measuring pH, which comprises the step of con-
tacting a cell, tissue, or body fluid with a compound repre-
sented by the aforementioned general formula (II) (in the
formula, R', R, R?,R* R, and X have the same meanings as
those defined above, and Y represents hydroxy group) or a salt
thereof, and then measuring fluorescence.

From still another aspect, the present invention provides a
fluorescent probe containing a compound represented by the
aforementioned general formula (II) (in the formula, R, R?,
R? R* R, and X have the same meanings as those defined
above, and Y represents OR*! (R'! represents a monovalent
group that is cleaved by contact with an object substance for
measurement), or a dialkoxyboranetriyl group), or a salt
thereof.

The present invention also provides a method for measur-
ing an object substance for measurement, which comprises
the step of contacting the object substance for measurement
with a compound represented by the aforementioned general
formula (IT) (in the formula, R*, R*,R*,R* R?, and X have the
same meanings as those defined above, and Y represents
OR™ (R!! represents a monovalent group that is cleaved by
contact with an object substance for measurement), or a
dialkoxyboranetriyl group, or a salt thereof, and then measur-
ing fluorescence.

From still another aspect, the present invention provides a
method for preparing a compound represented by the afore-
mentioned general formula (I) or a salt thereof, which com-
prises:

(a) the step of preparing a compound represented by the
following general formula (III):

[Formula 3]
e8]
R12 RI2
R? R3
N N
R® Y

(in the formula, R*? represents a halogen atom, and R?, R?,
R®, and R have the same meanings as those defined above)
from a 3-halogenated N,N-diallylaniline, which is prepared
from a 3-halogenated aniline and an allyl halide, and formal-
dehyde,

(b) the step of reacting the compound represented by the
aforementioned general formula (IIT) with X(Halo),(R*)(R>)
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(Halo represents chlorine atom or bromine atom, and X, R*,
and R® have the same meanings as those defined above), and
then subjecting the resultant to an oxidation reaction to pre-
pare an N,N,N',N'-tetrallyl-diamino-X-xanthone mentioned
below,

[Formula 4]

O r
N N
RE R’
| |

(c) the step of subjecting the N,N,N',N'-tetrallyl-diamino-X-
xanthone to deallylation to prepare a diamino-X-xanthone
mentioned below,

X
/\
R* R®

[Formula 5]
e}
RZ R?
HN X NH,
/\
R6 R* R’ g7

(d) the step of converting the amino groups of the diamino-
X-xanthone into hydroxy groups to prepare a dihydroxy-X-
xanthone mentioned below,

[Formula 6]
e}
RZ R3
HO X OH
/\
R¢ R* R® g7

(e) the step of protecting the hydroxy groups of the dihy-
droxy-X-xanthone with protective groups to prepare a com-
pound represented by the following general formula (IV):

[Formula 7]
av)

0
RZ R?
RB0 X OR'3
/ \

R¢ R* RS g7

(in the formula, R*? represents a protective group of phenolic
hydroxy group, or a dialkoxyboranetriyl group), and
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(®) the step of preparing a compound represented by the
aforementioned general formula (1) or a salt thereof from the
compound represented by the aforementioned general for-
mula (IV) and a halogenated benzene derivative.

R?, R?, RS, and R” are preferably hydrogen atoms, Halo is
preferably chlorine atom, and R* and R® are preferably
methyl groups.

The present invention also provides the aforementioned
method for preparing a compound represented by the general
formula (I) or a salt thereof, which comprises the aforemen-
tioned step (f); the aforementioned method for preparing a
compound represented by the general formula (I) or a salt
thereof, which comprises the aforementioned steps (e) and
(®); the aforementioned method for preparing a compound
represented by the general formula (I) or a salt thereof, which
comprises the aforementioned steps (d), (e), and (f); the afore-
mentioned method for preparing a compound represented by
the general formula (I) or a salt thereof, which comprises the
aforementioned steps (c), (d), (e), and (f); and the aforemen-
tioned method for preparing a compound represented by the
general formula (I) or a salt thereof, which comprises the
aforementioned steps (b), (c), (d), (e), and (f).

The present invention also provides the aforementioned
method for preparing a compound represented by the afore-
mentioned general formula (I) or a salt thereof, wherein a
compound wherein R® and R” are both hydrogen atoms is
used as a starting material in the step (a), the resultant of the
step (d) is reacted with a chlorinating agent or a fluorinating
agent to prepare a compound wherein RS and R” are both
chlorine atoms, or R® and R” are both fluorine atoms, and this
compound is used as a starting compound to perform the steps
(e) and (f) and thereby prepare a compound represented by the
general formula (I) wherein R® and R” are both chlorine atoms
or both fluorine atoms. The present invention also provides a
method for preparing the dihydroxy-X-xanthone compound
wherein R® and R” are both chlorine atoms, or R® and R” are
both fluorine atoms, which comprises reacting the dihydroxy-
X-xanthone compound mentioned in the aforementioned step
(d) wherein R® and R” are both hydrogen atoms with a chlo-
rinating agent or a fluorinating agent.

Further, by reacting 2,7-substituted or 2,7-unsubstituted
3,6-dihydroxyxanthone with a chlorinating agent or a fluori-
nating agent, 2,7-substituted or 2,7-unsubstituted 4,5-
dichloro-3,6-dihydroxyxanthone, or 2,7-substituted or 2,7-
unsubstituted 4,5-difluoro-3,6-dihydroxyxanthone can be
prepared. Furthermore, by protecting the hydroxy groups at
the 3- and 6-positions of 2,7-substituted or 2,7-unsubstituted
4,5-dichloro-3,6-dihydroxyxanthone, or 2,7-substituted or
2,7-unsubstituted 4,5-difluoro-3,6-dihydroxyxanthone with
protective groups, then reacting the protected compound with
a halogenated benzene derivative, and removing the protec-
tive groups of the hydroxy groups, 2,7-substituted or 2,7-
unsubstituted 4,5-dichloro-3,6-dihydroxyxanthen-9-yl, or
2,7-substituted or 2,7-unsubstituted 4,5-difluoro-3,6-dihy-
droxyxanthen-9-yl to which a substituted phenyl group is
bound at the 9-position can be prepared.

As a particularly preferred embodiment of the aforemen-
tioned method, there is provided a method for preparing a
compound represented by the aforementioned general for-
mula (I) (in the formula, R? R? R®, and R” are hydrogen
atoms, R* and R® are methyl groups, and R® represents
hydroxy group) or a salt thereof, which comprises:

(a) the step of preparing a compound represented by the
following general formula (Illa):
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[Formula 8]
RI2 RI2
N N

(in the formula, R'? represents a halogen atom) from a 3-ha-
logenated N,N-diallylaniline, which is prepared from a 3-ha-
logenated aniline and an allyl halide, and formaldehyde,

(b) the step of reacting the compound represented by the
aforementioned general formula (IIla) with dichlorodimeth-
ylsilane, and subjecting the resultant to an oxidation reaction
to prepare N,N,N' N'-tetrallyl-diamino-Si-xanthone men-
tioned below,

(ITla)

[Formula 9]

\if
N /Sl\ N

(c) the step of preparing diamino-Si-xanthone mentioned
below by subjecting the N,N,N',N'-tetrallyl-diamino-Si-xan-
thone to deallylation,

[Formula 10]

H,N NH

/\

(d) the step of converting the amino groups of the diamino-
Si-xanthone into hydroxy groups to prepare dihydroxy-Si-
xanthone mentioned below,

[Formula 11]

HO Si

/\
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(e) the step of protecting the hydroxy groups of the dihy-
droxy-Si-xanthone with protective groups to prepare a com-
pound represented by the following general formula (IVa):

[Formula 12]

(IVa)

RISO OR13

/\

(in the formula, R*? represents a protective group of phenolic
hydroxy group), and

(®) the step of preparing a compound represented by the
aforementioned general formula (I) (R?, R?, R® and R” are
hydrogen atoms, R* and R are methyl groups, and R® repre-
sents hydroxy group) or a salt thereof from the compound
represented by the aforementioned general formula (IVa) and
a halogenated benzene derivative.

The present invention also provides the aforementioned
method for preparing a compound represented by the general
formula (I) (in the formula, R?, R?, R® and R” are hydrogen
atoms, R* and R® are methyl groups, and R® represents
hydroxy group) or a salt thereof, which comprises the afore-
mentioned step (f); the aforementioned method for preparing
a compound represented by the general formula (I) (in the
formula, R?,R?,R® and R” are hydrogen atoms, R* and R are
methyl groups, and R® represents hydroxy group) or a salt
thereof, which comprises the aforementioned steps (e) and
(®); the aforementioned method for preparing a compound
represented by the general formula (I) (in the formula, R* R,
R®and R” are hydrogen atoms, R* and R® are methyl groups,
and R® represents hydroxy group) or a salt thereof, which
comprises the aforementioned steps (d), (e), and (f); the afore-
mentioned method for preparing a compound represented by
the general formula (I) (in the formula, R*, R, R® and R” are
hydrogen atoms, R* and R> are methyl groups, and R® repre-
sents hydroxy group) or a salt thereof, which comprises the
aforementioned steps (c), (d), (e), and (f); and the aforemen-
tioned method for preparing a compound represented by the
general formula (I) (in the formula, R?, R*, R® and R” are
hydrogen atoms, R* and R> are methyl groups, and R® repre-
sents hydroxy group) or a salt thereof, which comprises the
aforementioned steps (b), (c), (d), (e), and (f).

Effect of the Invention

The compounds represented by the general formula (I) and
salts thereof provided by the present invention show signifi-
cantly deviated maximal absorption wavelengths between the
non-dissociated form (neutral form) and dissociated form
(anion form) of the compounds, of which difference is about
twice or more larger than that of a fluorescein derivative.
Therefore, when this property is utilized, they are useful as a
parent compound for manufacture of a fluorescent probe that
is capable of highly sensitive measurement of pH, reactive
oxygen species, various enzymes and the like without
depending on the intramolecular photoinduced electron
transfer or control of cyclization of spiroling. The compounds
represented by the aforementioned general formula (II) and
salts thereof are also useful as a fluorescent probe that suc-
cessfully achieves highly sensitive measurement of pH, reac-
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tive oxygen species, various enzymes and the like without
depending on the intramolecular photoinduced electron
transfer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows results of measurement of absorption spectra
and fluorescence spectra of 2-Me TokyoMagenta, which is a
typical example of the compound of the present invention (in
this specification, “TokyoMagenta” represents a compound
of the general formula (I) wherein R* is hydrogen atom, R>
and R? are hydrogen atoms, R* and R® are methyl groups, R°
and R are hydrogen atoms, R® is hydroxy group, and X is
silicon atom, and this compound may be abbreviated as
“TM”). The measurement was performed with changing pH.
In this specification, Me means methyl group. The upper
graph shows absorption spectra and the lower graph shows
fluorescence spectra (excitation wavelength, 550 nm). The
measurement was performed by using a 1 uM solution of
2-Me TokyoMagenta dissolved in a 0.1M phosphate buffer
containing 1% dimethyl sulfoxide (DMSO).

FIG. 2 shows results of comparison of absorption wave-
lengths of 2-Me TokyoMagenta, which is a typical example of
the compound of the present invention, and 2-Me Tokyo-
Green (9-(2'-methylphenyl)-xanthen-3-one) having an oxy-
gen atom at the 10-position of the xanthene ring.

FIG. 3 shows absorption spectra (upper left graph), and
fluorescence spectra (upper right graph (excitation wave-
length, 582 nm) and lower left graph (excitation wavelength,
448 nm) of 2-Me TokyoMagenta pgal, designed as a fluores-
cent probe for measurement of -galactosidase. The spectra
were measured before and after a treatment with an enzyme.

FIG. 4 shows results of measurement of fluorescence inten-
sity over time, indicating advance of the hydrolysis reaction
of'2-Me TokyoMagenta gal with §-galactosidase. As a con-
trol, 2-Me-4-OMe TokyoGreen fgal was used, which had
been already widely used as a fluorescent probe for 3-galac-
tosidase measurement.

FIG. 5 shows results of measurement of intracellular 3-ga-
lactosidase using 2-Me TokyoMagenta fgal as a fluorescent
probe. The bars shown in the photographs indicate 30 um.

FIG. 6 shows results of measurement of fluorescence spec-
tra of 2-Me TokyoMagenta, which is a typical example of the
compound of the present invention. The measurement was
performed with changing pH (excitation wavelength, 471
nm) by using a 1 uM solution of 2-Me TokyoMagenta dis-
solved in a 0.1M phosphate buffer containing 1% dimethyl
sulfoxide (DMSO).

FIG. 7 shows absorption and fluorescence spectra of 2-Me
T™ (a), 2-Me Ge-TM (b), and 2-Me DiEt™ (c). The mea-
surement was performed at pH 9.

FIG. 8 shows pH-dependent change of absorption spec-
trum of 2-Me Ge-TM (concentration was 1 uM in a 0.1M
phosphate buffer containing 1% DMSO).

FIG. 9 shows pH-dependent change of absorption spec-
trum of 2-Me DiEt™ (concentration was 1 uM in a 0.1M
phosphate buffer containing 1% DMSO).

FIG. 10 shows reactivity of 2-Me Ge-TM (blue), 2-Me TM
(green) and 2-Me DCTM (red) with GSH in a phosphate
buffer (pH 7.4) containing 1% DMSO.

FIG. 11 The upper graph shows pH-dependent change of
absorption spectrum of 2-COOH TM (concentration was 1
UM in a 0.1M phosphate buffer containing 1% DMSO), and
the lower graph shows pH-dependent change of absorption
spectrum of 2-COOH TM at 580 nm. Curve fitting was per-
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formed on the basis of single-phase normalization (red) and
two-phase normalization (blue), and X* values were 0.041
and 4.4*107%, respectively.

FIG. 12 shows optical characteristics of 2-MeDCTM,
2-COOH DCTM, 2-Me DFTM, and 2-COOH DFTM, and
shows pH-dependent change of absorption spectrum (left)
and change of fluorescence (right) at a concentration of 1 uM
in a 0.1M phosphate buffer containing 1% DMSO.

FIG. 13 shows results of measurement of fluorescence
intensity change performed by loading 3 uM of each probe on
Hela cells at 37° C., washing off the probe, and then mea-
suring fluorescence intensity under a microscope at 37° C. for
60 minutes. The probes were 2-Me TMAM (2000-4000),
2-Me TMCOOAM (1100.5000), 2-Me TMIDAAM
(1000.5000), and 2-Me TMIDAIDAAM (550-800), exposure
time was 30 ms, and ND means 6%.

MODES FOR CARRYING OUT THE INVENTION

In the specification, “an alkyl group” or an alkyl moiety of
a substituent containing an alkyl moiety (for example, an
alkoxy group, and the like) means a linear, branched, or cyclic
alkyl group, or an alkyl group consisting of a combination
thereof, having, for example, 1 to 6 carbon atoms, preferably
1 to 4 carbon atoms, more preferably 1 to 3 carbon atoms,
unless specifically indicated. More specifically, examples of
the alkyl group include, for example, methyl group, ethyl
group, n-propyl group, isopropyl group, cyclopropyl group,
n-butyl group, sec-butyl group, isobutyl group, tert-butyl
group, cyclopropylmethyl group, n-pentyl group, n-hexyl
group, and the like. The “halogen atom” referred to in the
specification may be any one of fluorine atom, chlorine atom,
bromine atom, and iodine atom, preferably, fluorine atom,
chlorine atom, or bromine atom.

In the compound represented by the general formula (1), R*
represents hydrogen atom, or the same or different 1 to 5
monovalent substituents existing on the benzene ring. When
R! represents the monovalent substituents existing on the
benzene ring, it is preferred that the same or different about 1
to 3 substituents exist on the benzene ring. When R* repre-
sents one or two or more monovalent substituents, the sub-
stituents can substitute at arbitrary positions on the benzene
ring, but it is preferred that, for example, one substituent
exists at the ortho-position with respect to the binding posi-
tion of the condensed ring containing X on the benzene ring.
When two or more substituents exist on the benzene ring, it is
preferred that one of the substituents exists at the ortho-
position with respect to the binding position of the condensed
ring containing X. It is preferred that R! represents hydrogen
atom, or one substituent existing at the ortho-position with
respect to the binding position of the condensed ring contain-
ing X. Itis also preferred that, for example, R* represents two
monovalent substituents.

Although type of the monovalent substituent as R! is not
particularly limited, it is preferably selected from, for
example, the group consisting of an alkyl group having 1 to 6
carbon atoms, an alkenyl group having 1 to 6 carbon atoms, an
alkynyl group having 1 to 6 carbon atoms, an alkoxy group
having 1 to 6 carbon atoms, hydroxy group, carboxy group,
sulfonyl group, an alkoxycarbonyl group, a halogen atom,
and amino group. These monovalent substituents may further
have one or two or more arbitrary substituents. For example,
the alkyl group as R' may have one or more of substituents
selected from a halogen atom, carboxy group, sulfonyl group,
hydroxy group, amino group, an alkoxy group, and the like,
and the alkyl group as R! may be, for example, a halogenated
alkyl group, a hydroxyalkyl group, a carboxyalkyl group, an
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aminoalkyl group, or the like. The amino group as R' may
have one or two alkyl groups, and the amino group as R' may
be, for example, a monoalkylamino group or a dialkylamino
group. Further, when the alkoxy group as by R* has a sub-
stituent, examples thereof include, for example, a carboxy-
substituted alkoxy group, an alkoxycarbonyl-substituted
alkoxy group, and the like, more specifically, 4-carboxybu-
toxy group, 4-acetoxymethyloxycarbonylbutoxy group, and
the like.

When R' represents two monovalent substituents, they are
preferably selected from, for example, the group consisting of
an alkyl group having 1 to 6 carbon atoms, an alkoxy group
having 1 to 6 carbon atoms, and carboxy group, and they are
more preferably selected from the group consisting of an
alkyl group having 1 to 6 carbon atoms, and an alkoxy group
having 1 to 6 carbon atoms. In this case, it is preferred that an
alkyl group having 1 to 6 carbon atoms exists at the ortho-
position with respect to the binding position of the condensed
ring containing X, and an alkoxy group (for example, an
unsubstituted alkoxy group, a monocarboxy group-substi-
tuted alkoxy group, a monoalkoxycarbonyl-substituted
alkoxy group, 4-acetoxymethyloxycarbonylbutoxy group
and the like) exists at another position on the benzene ring.

R?and R? independently represent hydrogen atom, an alkyl
group having 1 to 6 carbon atoms, or a halogen atom. When
R? or R? represents an alkyl group, the alkyl group may have
one or two or more substituents selected from a halogen atom,
carboxy group, sulfonyl group, hydroxy group, amino group,
an alkoxy group, and the like, and the alkyl group as R* or R?
may be, for example, a halogenated alkyl group, a hydroxy-
alkyl group, a carboxyalkyl group, or the like. It is preferred
that R? and R? are independently hydrogen atom or a halogen
atom, and it is more preferred that R? and R? are both hydro-
gen atoms, or R? and R® are both chlorine atoms or fluorine
atoms.

R*and R” independently represent an alkyl group having 1
to 6 carbon atoms, or an aryl group having 1 to 6 carbon
atoms. It is preferred that R* and R’ are independently an
alkyl group having 1 to 3 carbon atoms, and it is more pre-
ferred that R* and R® are both methyl groups. The alkyl group
as R* or R* may have one or two or more substituents selected
from a halogen atom, carboxy group, sulfonyl group, hydroxy
group, amino group, an alkoxy group, and the like, and the
alkyl group as R* or R® may be, for example, a halogenated
alkyl group, a hydroxyalkyl group, a carboxyalkyl group, or
the like. When R* or R® represents an aryl group, the aryl
group may be a monocyclic aromatic group, or a condensed
ring aromatic group, and the aryl ring may contain one or two
or more ring-constituting heteroatoms (for example, nitrogen
atom, sulfur atom, oxygen atom and the like). As the aryl
group, phenyl group is preferred. The aryl ring may have one
or two or more substituents on the ring. As the substituents,
for example, one or two or more substituents selected from a
halogen atom, carboxy group, sulfonyl group, hydroxy
group, amino group, an alkoxy group, and the like may exist.

R®and R independently represent hydrogen atom, an alkyl
group having 1 to 6 carbon atoms, or a halogen atom, and
these are the same as those explained for R* and R, It is
preferred that R® and R” are both hydrogen atoms, both chlo-
rine atoms, or both fluorine atoms.

X represents silicon atom, germanium atom, or tin atom. It
is preferably silicon atom or germanium atom, and it is par-
ticularly preferably silicon atom.

R® represents hydroxy group, or a dialkoxyboranetriyl
group. The carbon numbers of two alkoxy groups existing in
the dialkoxyboranetriyl group are, for example, about 1 to 6,
and these alkoxy groups may combine together to form, for
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example, a S-membered ring or 6-membered ring. This
S-membered ring or 6-membered ring may have about 1 to 4
substituents, for example, an alkyl group having about 1 to 6
carbon atoms. The dialkoxy group can also be introduced by
reacting a diol compound with boron atom, and examples of
such a case include, for example, binding a diol compound
such as ethylene glycol, propylene glycol, pinacol, neopentyl
glycol, and catechol, with boron atom. Examples of the
dialkoxyboranetriyl group include, for example, dimethox-
yboranetriyl group, tetramethylethylenedioxy-boranetriyl
group, ((pinacolato)boron), o-phenylenedioxyboranetriyl
group, and the like, but it is not limited to these examples.
Among them, (pinacolato)boron is preferred.

In the compound represented by the general formula (II),
R', R? R?* R* R® R® R’, and X have the same meanings as
those defined above. Y represents OR'! represents hydrogen
atom, or amonovalent group that is cleaved by contact with an
object substance for measurement), or a dialkoxyboranetriyl
group. As Ru in'Y, besides hydrogen atom, a group having a
property thatitis cleaved by contact with an object substance
for measurement can be used. The dialkoxyboranetriyl group
as'Y is also the same as that defined above.

Type of the object substance for measurement is not par-
ticularly limited, and it may be any of, for example, an
enzyme, a metal ion (for example, alkali metal ion such as
sodium ion and lithium ion, alkaline earth metal ion such as
calcium ion, magnesium ion, zinc ion, and the like), a non-
metallic ion (carbonate ion and the like), reactive oxygen
species (for example, hydroxy radical, peroxynitrite,
hypochlorous acid, hydrogen peroxide, and the like), and the
like. The substance is preferably an enzyme.

Examples of the enzyme include, for example, reductase,
oxidase, hydrolase, and the like. For example, examples of
the enzyme include enzymes useful for diagnosis of infec-
tious diseases and cancers, such as §-lactamase, cytochrome
P450 oxidase, [-galactosidase, p-glucosidase, p-glucu-
ronidase, -hexosaminidase, lactase, alkaline phosphatase,
matrix metalloproteinase, glutamyl transferase, and the like,
but the enzyme is not limited to these examples. Among the
enzymes, hydrolase is especially preferred. Typical examples
of'the hydrolase include, for example, 3-galactosidase, -lac-
tamase, alkaline phosphatase, matrix metalloproteinase,
glutamyl transferase, and the like, but the hydrolase is not
necessarily limited to those mentioned above.

When the object substance for measurement is a hydrolase,
the compound of the general formula (II) can be designed so
that the compound is hydrolyzed by the enzyme to give a
compound wherein R'! is hydrogen atom by choosing a com-
pound that can serve as a specific substrate of the enzyme and
functional groups. For example, when the object substance
for measurement is a saccharide hydrolase, a residue of a
saccharide compound that can be a substrate of the enzyme
can be used as R''. Functional groups of the saccharide
compound, such as hydroxy group and amino group, may be
protected with appropriate protective groups, if needed. Any
of'such compounds having a protective group also falls within
the scope of the present invention.

When R'! is p-aminophenyl group or p-hydroxyphenyl
group, the compound is decomposed by contact with a reac-
tive oxygen species to give acompound wherein R'* is hydro-
gen atom, and therefore a reactive oxygen species can be used
as the object substance for measurement. Fluorescent probes
for reactive oxygen species having p-aminophenyl group or
p-hydroxyphenyl group are described in, for example, Inter-
national Patent Publications W02001/064664, W0O2004/
040296, U.S. Pat. No. 7,378,282, and the like, and therefore
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the fluorescent probe of the present invention can be used in
the same manner as those for the fluorescent probes disclosed
in these references.

Further, when Y is a dialkoxyboranetriyl group, the com-
pound is decomposed by contact with hydrogen peroxide to
give a compound where Y is hydroxy group, and therefore
hydrogen peroxide can be used as the object substance for
measurement in such a case. Fluorescent probes for hydrogen
peroxide having a dialkoxyboranetriyl group are described in,
for example, Nature Chemical Biology, 3, pp. 263-267, 2007,
J. Am. Chem. Soc., 132, pp. 4455-4465,2010; J. Am. Chem.,
Soc., 132, pp. 5906.5915, 2010, and the like, and therefore the
fluorescent probe of the present invention can be used in the
same manner as those for the fluorescent probes disclosed in
these references.

Further, the compound of the general formula (II) where
R'' in OR' asY represents hydrogen atom reacts with glu-
curonic acid transferase and changes into a O-glycoside com-
pound, and therefore the compound can measure the glucu-
ronic acid transferase activity. That is, the compound wherein
R'! is hydrogen atom is in a dissociated form (anion form) in
the physiological pH region around neutral before the reac-
tion with glucuronic acid transferase, but the compound that
becomes an O-glycoside compound after the reaction with
glucuronic acid transferase is in a non-dissociated form (neu-
tral form) showing an absorption wavelength significantly
shifted to the shorter wavelength side and different fluores-
cence profile. For example, if fluorescence intensity of the
compound wherein R'! is hydrogen atom is measured with an
excitation wavelength of 582 nm before and after the reaction
with glucuronic acid transferase, strong fluorescence is
observed around 600 nm before the reaction with glucuronic
acid transferase, but after the reaction, the compound that
became an O-glycoside compound does not have absorption
at 582 nm, and therefore fluorescence is scarcely observed.
Further, for example, if fluorescence intensity of the com-
pound where R'! is hydrogen atom is measured with an exci-
tation wavelength 0471 nm before and after the reaction with
glucuronic acid transferase, fluorescence intensity around
560 nm increases with advance of the reaction with glucu-
ronic acid transferase. Specific examples of fluorescent probe
for measurement of the glucuronic acid transferase activity
utilizing a fluorescein derivative are disclosed in International
Patent Publication WO2008/105376, and accordingly, the
compounds of the present invention represented by the gen-
eral formula (II) wherein R'* is hydrogen atom can be used in
the same manner as that of the probe disclosed in the above
reference.

The compounds represented by the aforementioned gen-
eral formulas (I), (II1), and (IV) may exist as a salt. Examples
of the salt include base addition salts, acid addition salts,
amino acid salts, and the like. Examples of the base addition
salts include, for example, metal salts such as sodium salt,
potassium salt, calcium salt and magnesium salt, ammonium
salts, and organic amine salts such as triethylamine salt, pip-
eridine salt, and morpholine salt, and examples of the acid
addition salts include, for example, mineral acid salts such as
hydrochloride, sulfate, and nitrate, and organic acid salts such
as methanesulfonate, para-toluenesulfonate, citrate, and
oxalate. As the amino acid salt, glycine salt, and the like can
be exemplified. However, the salts of the compounds of the
present invention are not limited to these examples.

The compounds of the present invention represented by the
general formula (I) or (II) may have one or two or more
asymmetric carbons depending to types of substituents, and
they may exist as a stereoisomer such as enantiomer or dias-
tereoisomer. Stereoisomers in pure form, arbitrary mixtures
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of stereoisomers, racemates, and the like all fall within the
scope of the present invention. Further, the compounds of the
present invention represented by the general formula (I) or
(IT) and salts thereof may exist as a hydrate or a solvate, and
all of these substances are encompassed by the scope of the
present invention. Type of the solvent that forms the solvate is
not particularly limited, and examples include, for example,
such solvents as ethanol, acetone, and isopropanol.

The compounds of the present invention represented by the
general formula (I) have a characteristic feature that a non-
dissociated form (neutral form) compound and a dissociated
form (anion form) compound thereof show significantly devi-
ated maximal absorption wavelengths, of which difference is
about twice or more larger than the difference of the wave-
lengths of non-dissociated form (neutral form) and dissoci-
ated form (anion form) of a fluorescein derivative (the oxygen
atom at the 10-position of the xanthene ring is conserved).
Therefore, the compounds represented by the general for-
mula (II) wherein R*! is hydrogen atom (corresponding to the
compounds represented by the general formula (I)) have a
characteristic feature that the maximal absorption wave-
length thereof significantly changes with pH change, and can
be used as a fluorescent probe for pH detection. Further, the
compounds represented by the general formula (IT) wherein
R inY is not hydrogen atom exists substantially as a non-
dissociated form compound, but when R*! is cleaved by con-
tact with an object substance for measurement, a dissociated
form compound is generated. Therefore, they have a charac-
teristic feature that maximal absorption wavelength observed
after contact with the object substance for measurement sig-
nificantly changes from that observed before the contact, and
can be used as a fluorescent probe for measuring the object
substance for measurement at high sensitivity. In addition,
when Y is a dialkoxyboranetriyl group, the compounds are
decomposed by contact with hydrogen peroxide to generate a
compound wherein Y is hydroxy group (dissociated form),
and therefore the compounds wherein Y is a dialkoxyboran-
etriyl group have a characteristic feature that the maximal
absorption wavelength observed after the contact with hydro-
gen peroxide as the object substance for measurement sig-
nificantly changes from that observed before the contact, and
can be similarly used as a fluorescent probe for measuring
hydrogen peroxide at high sensitivity. As described above, the
compounds represented by the general formula (I) are useful
for manufacture of a probe that utilizes the difference of the
maximal absorption wavelengths between a non-dissociated
form compound and a dissociated form compound, and they
do not utilize the intramolecular photoinduced electron trans-
fer. Therefore, they have a characteristic feature that it is not
necessary to strictly adjust the electron density (oxidation
potential) of the benzene ring, and even if various substituents
exist on the benzene ring, it can function as a probe.

For example, the compounds of the general formula (II)
having 4-acetoxymethyloxycarbonylbutoxy group or the like
as R are efficiently incorporated into cells because of high
lipophilicity thereof, and when they are incorporated into
cells, they are converted into a compound of the general
formula (IT) having high water-solubility by hydrolysis of the
4-acetoxymethyloxycarbonylbutoxy group by an esterase
existing in the cells, and then stay in the cells for a long period
of'time. Therefore, they are extremely suitable for imaging of
an object substance for measurement in the cells. These com-
pounds also do not utilize the intramolecular photoinduced
electron transfer, and 4-acetoxymethyloxycarbonylbutoxy
group can be introduced at an arbitrary position on the ben-
zene ring, and therefore it provides high degree of freedom for
design of fluorescent probes. The fluorescent probe is prefer-



US 9,187,499 B2

15

ably designed so that the difference of fluorescence maximal
absorption wavelengths observed before and after the cleav-
age of R*' by an object substance for measurement is made as
large as possible. Further, the fluorescent probe is more pref-
erably designed so that, in addition to the aforementioned
characteristic features, it is substantially non-fluorescent
before the cleavage of R'!, and becomes strongly fluorescent
after the cleavage of R**.

The term “measurement” used in this specification should
be construed in its broadest sense including quantification,
qualification, as well as measurement, examination, detec-
tion, and the like performed for the purposes of diagnosis and
the like. The method for measuring an object substance for
measurement utilizing the fluorescent probe of the present
invention wherein R' in Y is not hydrogen atom generally
comprises (a) the step of contacting a compound represented
by the aforementioned formula (II) with an object substance
for measurement to cleave R, and (b) the step of measuring
fluorescence of the compound generated in the aforemen-
tioned step (a) (corresponding to a dissociated form com-
pound formed by the cleavage of R'!). The method for mea-
suring an object substance for measurement utilizing the
fluorescent probe of the present invention wherein Y is a
dialkoxyboranetriyl group generally comprises (a) the step of
contacting the compound represented by the aforementioned
formula (IT) with hydrogen peroxide, which is generally the
object substance for measurement, to generate the compound
where Y is hydroxy group, and (b) the step of measuring
fluorescence of the compound generated in the aforemen-
tioned step (a). For example, the fluorescent probe of the
present invention or a salt thereof can be dissolved in an
aqueous medium such as physiological saline and buffer, a
mixture of the aqueous medium and a water-miscible organic
solvent such as ethanol, acetone, ethylene glycol, dimethyl
sulfoxide, and dimethylformamide, or the like, this solution
can be added to an appropriate buffer containing cells or
tissues, and fluorescence spectrum can be measured before
and after contact with the object substance for measurement.

Fluorescence of the compound of which R'! has been
cleaved by the object substance for measurement can be mea-
sured by a usual method, and a method of measuring a fluo-
rescence spectrum in vitro, a method of measuring a fluores-
cence spectrum in vivo by using a bioimaging technique, and
the like can be employed. For example, when quantification is
performed, it is desirable to create a calibration curve before-
hand in a conventional manner.

The fluorescent probe of the present invention may be
mixed with additives usually used for preparation of reagents
when required, and used as a composition. For example, as
additives for using a reagent in a physiological environment,
such additives as dissolving aids, pH modifiers, buffering
agents, and isotonic agents can be used, and amounts of these
can be appropriately selected by those skilled in the art. Such
a composition is provided as a composition in an appropriate
form such as powdery mixture, lyophilized product, granule,
tablet, and solution.

The compounds prepared by the aforementioned prepara-
tion steps (a) to (e) of the method for preparing the compound
of the present invention represented by the aforementioned
the general formula (I) or a salt thereof comprising the steps
(a) to (e) are novel compounds, and they are useful as syn-
thetic intermediates for the preparation of the compounds of
the present invention represented by the aforementioned gen-
eral formula (I) and salts thereof. In the aforementioned
preparation method, it is preferred that R and R® are hydro-
gen atoms, it is preferred that RS and R” are both hydrogen
atoms, both chlorine atoms, or both fluorine atoms, it is pre-
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ferred that Halo is chlorine atom, and it is preferred that R*
and R® are C,_ alkyl groups such as methyl group. Further, it
is particularly preferred that R?, R?, R®, and R” are hydrogen
atoms, R* and R® are methyl groups, and R® represents
hydroxy group.

As for the compounds wherein RS and R” are both chlorine
atoms, or both fluorine atoms, for example, dihydroxy-X-
xanthone synthesized from diamino-X-xanthone wherein R®
and R” are both hydrogen atoms can be used in the aforemen-
tioned step (d) as a starting compound, a chlorinating agent
such as NaOCl or a fluorinating agent such as Selectfluor
(registered trademark) can be allowed to act on the compound
to prepare a compound wherein R and R” are both chlorine
atoms or both fluorine atoms, and this compound can be
reacted as a starting compound with a halogenated benzene
derivative to prepare a compound of the general formula (I)
wherein R® and R” are both chlorine atoms, or both fluorine
atoms. As the chlorinating agent, besides NaOC], chlorine,
tert-butyl hypochlorite, N-chlorosuccinimide, N-chlorodim-
ethylamine, chloramine T, and the like can be used. As the
fluorinating agent, N-fluorobenzenesulfonimide, 1-fluoro-2,
4,6-trimethylpyridinium trifluoromethanesulfonate, 1,1'-dif-
luoro-2,2'-bipyridinium bis(tetrafluoroborate), and the like
can be used.

2,7-Substituted or 2,7-unsubstituted 4,5-dichloro-3,6-di-
hydroxyxanthone and 2,7-substituted or 2,7-unsubstituted
4,5-difluoro-3,6-dihydroxyxanthone prepared by reacting
2,7-substituted or 2,7-unsubstituted 3,6-dihydroxyxanthone
with the aforementioned chlorinating agent or fluorinating
agent are novel compounds, and they are useful as synthetic
intermediates for preparation of 2,7-substituted or 2,7-unsub-
stituted 4,5-dichloro-3,6-dihydroxyxanthen-9-yl or a salt
thereof and 2,7-substituted or 2,7-unsubstituted 4,5-difluoro-
3,6-dihydroxyxanthen-9-yl or a salt thereof, to which a sub-
stituted phenyl group binds at the 9-position. By protecting
the hydroxy group at the 3- and 6-positions of 2,7-substituted
or 2,7-unsubstituted 4,5-dichloro-3,6-dihydroxyxanthone, or
2,7-substituted or 2,7-unsubstituted 4,5-difluoro-3,6-dihy-
droxyxanthone with protective groups, reacting the protected
compound with a halogenated benzene derivative, and then
performing deprotection of the hydroxy groups, 2,7-substi-
tuted or 2,7-unsubstituted 4,5-dichloro-3,6-dihydroxyxan-
then-9-yl, or 2,7-substituted or 2,7-unsubstituted 4,5-dif-
luoro-3,6-dihydroxyxanthen-9-yl, to which a substituted
phenyl group binds at the 9-position, can be prepared.

The compounds represented by the general formula (IV)
can be reacted with various halogenated benzene derivatives
to prepare the compounds of the present invention repre-
sented by the general formula (I) introduced with various
substituents on the benzene ring on which R* substitutes, and
therefore they are especially useful as synthetic intermedi-
ates. Although the aforementioned preparation steps (a) to (f)
are specifically described in the examples, it should be under-
stood that such preparation methods further appropriately
modified and improved by those skilled in the art on the basis
of their usual knowledge are also encompassed by the scope
of the present invention. Methods comprising any one of the
steps (a) to (e), or two or more continuous steps among them
are also encompassed by the scope of the present invention.

Inthe compounds represented by the general formula (IV),
type of the protective group of the phenolic hydroxy group as
R'® is not particularly limited, and it can be appropriately
selected from, for example, t-butyldimethylsilyl group,
methyl group, methoxymethyl group, t-butyl group, and the
like. About the protective group of phenolic hydroxy group,
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for example, T. W. Greene, Protective Groups in Organic
Synthesis, John Wiley & Sons, inc. (1981), and the like can be
referred to.

EXAMPLES

Hereafter, the present invention will be more specifically
explained with reference to examples. However, the scope of
the present invention is not limited by the following
examples.

Example 1
The compound of the present invention was synthesized

according to the following scheme.

[Formula 13]

(a)

—_—

NH,
JoN g
Br N
Br Br
\if/&
N N
(0]
OIS =
N Si N
/\

Br

o}
(L -
—_—
N Si NH,
/\
o}

OO -
HO Si OH
/\
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-continued
O

(&
TBDMSO /Si OTBDMS

e
Si

/\

(a) 3-Bromo-N,N-diallylaniline

K,CO, (22.0 g, 159 mmol) was suspended in acetonitrile,
the suspension was added with 3-bromoaniline (8.71 mlL,
80.0 mmol) and allyl bromide (23.7 mL., 280 mmol), and the
mixture was stirred at 80° C. for 14 hours. The reaction
mixture was cooled to room temperature, then filtered
through Celite, and sufficiently washed with ethyl acetate.
The solvent was removed, and then the residue was purified
by column chromatography (silica gel, ethyl acetate/hexane
(1/40)) to obtain 3-bromo-N,N-diallylaniline (17.1 g, 67.9
mmol, yield 85%).

'"H-NMR (300.40 MHz, CDCL,): 8 3.87-3.90 (m, 4H),
5.11-5.15 (m, 2H), 5.17-5.18 (m, 2H), 5.75-5.88 (m, 2H),
6.58 (dd, 1H, J=2.2, 8.1 Hz), 6.77-6.81 (m, 2H), 7.01 (t, 1H,
J=8.1 Hz)

3C-NMR (75.45 MHz, CDCl,): & 52.7, 110.8, 115.0,
116.3, 119.0, 123.3, 130.2, 133.2, 150.0

HRMS (ESI+). Found 252.0429, calculated 252.0388 for
[M+H]" (4.1 mmu)

(b) Bis(2-bromo-4-N,N-diallylaminophenyl)methane

3-Bromo-N,N-diallylaniline (17.1 g, 67.9 mmol) was dis-
solved in acetic acid (200 mL), the solution was added with a
37% formaldehyde solution (10.2 g, 340 mmol), and the
mixture was heated at 80° C. for 75 minutes. The reaction
mixture was cooled to room temperature, and then neutral-
ized with saturated aqueous NaHCOs and NaOH. This mix-
ture was extracted with dichloromethane, and the organic
layer was washed with brine. The organic layer was dried over
Na,SO,, the solvent was removed, and then the residue was
purified by column chromatography (silica gel, ethyl acetate/
hexane (1/30)) to obtain bis(2-bromo-4-N,N-diallylami-
nophenyl)methane (15.2 g, 29.5 mmol, yield 87%).

'"H-NMR (300.40 MHz, CDCl,): 83.85-3.87 (m, 8H), 3.96
(s, 2H), 5.13-5.19 (m, 8H), 5.76-5.88 (m, 4H), 6.54 (dd, 2H,
J=2.9,8.8 Hz), 6.81 (d, 2H, J=8.1 Hz), 6.90 (d, 2H, J=2.9 Hz)

13C-NMR (75.45 MHz, CDCl,): $39.7,52.7,111.7,116.0,
116.2, 125.5, 126.9, 130.8, 133.5, 148.1

HRMS (ESI+). Found 517.0654, calculated 517.0677 for
[M+H]* (-2.3 mmu)

(c) NLN,N',N'-Tetraallyl-diamino-Si-xanthone

Bis(2-bromo-4-N,N-diallylaminophenyl)methane (8.16 g,
15.8 mmol) and anhydrous tetrahydrofuran (THF, 50 mL.)
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were put into a dried flask inside of which was substituted
with argon. The mixture was cooled to -=78° C., and then
added with 1M sec-butyllithium (45 mL, 45 mmol), and the
mixture was stirred for 20 minutes. The mixture was slowly
added with dichlorodimethylsilane (2.9 mL., 30 mmol) dis-
solved in anhydrous THF (10 mL) at the same temperature,
and the mixture was returned to room temperature, and stirred
for 1 hour. The reaction was terminated with 2 N hydrochloric
acid, and the reaction mixture was neutralized with NaHCOs.
This mixture was extracted with dichloromethane, the
organic layer was washed with brine, and dried over Na,SO,,
and then the solvent was removed. The residue was dissolved
in acetone (150 mL), the solution was cooled to 0° C. and
added portionwise with KMnO,, (6.88 g, 43.5 mmol) over 2
hours, and the mixture was further stirred at the same tem-
perature for 1 hour. The mixture was added with dichlo-
romethane (200 mL), and the mixture was subjected to suc-
tion filtration using filter paper. The solvent was removed, and
the residue was purified by column chromatography (silica
gel, dichloromethane) to obtain N,N,N'N'-tetraallyl-di-
amino-Si-xanthone (2.23 g, 5.20 mmol, yield 33%).

'"H-NMR (300.40 MHz, CDCl,): 8 0.41 (s, 6H), 4.02 (d,
8H, J=5.1 Hz), 5.17-5.23 (m, 8H), 5.82-5.94 (m, 4H), 6.80-
6.83 (m, 4H), 8.34 (d, 2H, J=8.1 Hz)

13C-NMR (75.45 MHz, CDCl,): §-1.1,52.8,113.5,114.8,
116.7, 130.0, 131.7, 133.1, 140.5, 150.2, 185.1

HRMS (ESI+). Found 429.2347, calculated 429.2362 for
[M+H]* (-1.5 mmu)

(d) Diamino-Si-xanthone

Pd(PPhs), (35.0 mg, 0.0303 mmol) and 1,3-dimethylbar-
bituric acid (196 mg, 1.08 mmol) were put into a dried flask
inside of which was substituted with argon. The mixture was
added with N,N,N',N'-tetraallyl-diamino-Si-xanthone (99.2
mg, 0.231 mmol) dissolved in dichloromethane (10 mL), and
the mixture was stirred at 64° C. for 16 hours. The solvent was
removed, the residue was suspended in saturated aqueous
Na,CO;, and the suspension was extracted with dichlo-
romethanc. The organic layer was dried over Na,SO,, the
solvent was removed, and then the residue was purified by
column chromatography (silica gel, ethyl acetate/hexane
(4/3)) to obtain diamino-Si-xanthone (48.8 mg, 0.182 mmol,
yield 79%).

'H-NMR (300.40 MHz, CD,0D): 8 0.40 (s, 6H), 6.76 (dd,
2H, J=2.6,8.4 Hz), 6.88 (d, 2H, ]=2.2 Hz),8.13 (d, 211, J=8.8
Hz)

13C-NMR (75.45 MHz, CD,0D): §-1.3, 116.6, 118.4,
131.0, 132.8, 142.6, 153.0, 187.5

HRMS (ESI+T of): m/z Found 269.1108, calculated
269.1110 for [M+H]* (-0.2 mmu)

(e) Dihydroxy-Si-xanthone

Diamino-Si-xanthone (48.8 mg, 0.182 mmol) was dis-
solved in a mixed solvent (methanol, 6 NH,SO,, 4/5, 45 mL).
The solution was cooled to 0° C., and then slowly added with
NaNO, (84.6 mg, 1.22 mmol) dissolved in water (2 mL), and
the mixture was stirred at the same temperature for 1 hour.
This mixture was slowly added to boiling 1 NH,SO,, (50 mL),
and the mixture was further refluxed for 10 minutes, and then
cooled on ice. The reaction mixture was extracted with
dichloromethane, and the organic layer was sufficiently
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washed with brine. The organic layer was dried over Na,SO,,
the solvent was removed, and then the residue was purified by
column chromatography (silica gel, methanol/dichlo-
romethane (1/20)) to obtain dihydroxy-Si-xanthone (32.9
mg, 0.122 mmol, yield 67%).

LI-NMR (300.40 MHz, CD,0D): 8 0.45 (s, 6H), 6.95 (dd,
2H,J=2.2,8.8 Hz), 7.07 (d, 2H, ]=2.2 Hz), 8.26 (d, 2, ]=8.8
Hz) HC-NMR (75.45 MHz, CD,OD): 8-1.5, 118.4, 120.0,
1333, 133.8, 143.1, 162.2, 187.6

HRMS (EST*). Found 269.0674, calculated 269.0634 for
[M-H]~ (4.0 mmu)

(®) 3,6-Di-tert-butyldimethylsilyloxy-Si-xanthone

Dihydroxy-Si-xanthone (32.9 mg, 0.122 mmol) and imi-
dazole (85.5 mg, 1.26 mmol) were dissolved in dichlo-
romethane (20 mL), the solution was slowly added with tert-
butyldimethylsilyl chloride (185 mg, 1.23 mmol) dissolved in
dichloromethane (5 mL), and the mixture was stirred at room
temperature for 14 hours. The mixture was added with water,
the mixture was extracted with dichloromethane, and the
organic layer was washed with brine. The organic layer was
dried over Na,SO,, the solvent was removed, and then the
residue was purified by column chromatography (silica gel,
ethyl acetate/hexane (1/20)) to obtain 3,6-di-tert-butyldim-
ethylsilyloxy-Si-xanthone (52.8 mg, 0.106 mmol, yield
84%).

'H-NMR (300.40 MHz, CDCl,): 8 0.26 (s, 12H), 0.46 (s,
6H), 1.01 (s, 18H), 6.98 (dd, 2H, J=2.2, 8.8 Hz), 7.04 (d, 2H,
J=2.9 Hz), 8.37 (d, 2H, J=8.8 Hz)

3C-NMR (75.45 MHz, CDCl,): 8-4.3-1.6, 18.3, 25.6,
121.8,123.7,132.3, 134.5, 141.1, 158.7, 186.0

HRMS (ESI+). Found 499.2480, calculated 499.2520 for
[M+H]* (-4.0 mmu)

(g) Synthesis of 2-Me TokyoMagenta

2-Bromotoluene (200 uL, 1.6 mmol) and anhydrous THF
(5§ mL) were put into a sufficiently dried flask inside of which
was substituted with argon. The mixture was cooled to —78°
C., and then added with 1M sec-butyllithium (1.0 mmol), and
the mixture was stirred for 20 minutes. The mixture was
slowly added with 3,6-di-tert-butyldimethylsilyloxy-Si-xan-
thone (9.4 mg, 0.019 mmol) dissolved in anhydrous THF (5
ml) at the same temperature, and the mixture was returned to
room temperature. The mixture was stirred at room tempera-
ture for 1 hour, and then added with 2 N HC1 (10 mL), and the
mixture was stirred for 20 minutes. This mixture was
extracted with dichloromethane, and the organic layer was
washed with brine. The organic layer was dried over Na,SO,,
the solvent was removed, and then the residue was purified by
HPLC to obtain 2-Me TokyoMagenta (4.5 mg, 0.013 mmol,
yield 69%).

'H-NMR (300.40 MHz, D,0): § 0.46 (s 6H), 2.01 (s, 3H),
6.33(dd, 2H,J=2.9,9.5Hz), 7.01-7.09 (m, SH), 7.27-7.46 (m,
3H)

HRMS Found, 343.1120 calculated 343.1154 for [M-H]-
(-3.41 mmu)
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(h) Synthesis of 2-Me TokyoMagenta Bgal

[Formula 14]
OAc
AcO,
O —_
AcO Y “u Br
OAc
OH
HO,
| > O
HO Y O /Si (0]
OH \

2-Me TokyoMagenta (4.6 mg, 0.013 mmol), 2,3,4,6-tetra-
O-acetyl-a-galactopyranosyl bromide (80.8 mg, 0.197
mmol) and Cs,CO; (29.6 mg, 0.0909 mmol) were added to
acetonitrile (3 mL), and the mixture was stirred overnight at
room temperature under an argon-substituted atmosphere.
The mixture was filtered, and the solvent of the filtrate was
removed. The residue was dissolved in methanol (3 mL), the
solution was cooled to 0° C., and slowly added with 15 pLL of
a 28% solution of sodium methoxide in methanol, and then
this mixture was stirred for 1 hour. The reaction was termi-
nated with 0.2; N aqueous HC, and the reaction mixture was
extracted with dichloromethane. The organic layer was
washed with brine, and dried over Na,SO,, and the solvent
was removed. The residue was purified by HPLC to obtain
2-Me TokyoMagenta Bgal (2.4 mg, 0.0047 mmol, yield
36%).

'H-NMR (300.40 MHz, CDs OD): 8 0.51 (d, 3H, I=1.8
Hz),0.52 (d,3H, J=1.8 Hz), 2.04 (s, 3H), 3.59 (dd, 1H, J=3.7,
9.5Hz),3.69-3.89 (m, SH), 4.98 (dd, 1H, J=3.3, 7.7 Hz), 6.23
(dd, 1H, J=2.2, 10.3 Hz), 6.87-6.91 (m, 2H), 6.98-7.13 (m,
3H), 7.33-7.46 (m, 3H), 7.50 (d, 1H, J=2.2 Hz)

HRMS (EST*): m/z Found 507.1826 calculated 507.1839
for [M+H]" (-1.3 mmu)

Example 2

Absorption and fluorescence profiles of 2-Me TokyoMa-
genta obtained in the step (g) mentioned above were mea-
sured at various pH values. The results are shown in FIG. 1. It
was confirmed that, with the shift of pH from the acidic side
to the alkaline side, the maximal absorption wavelength
shifted to the longer wavelength side from around 471 nm to
around 582 nm (FIG. 1, upper graph), and that fluorescence
emission with excitation light of 550 nm significantly
increased (FIG. 1, lower graph). It is considered that 2-Me
TokyoMagenta exists in an equilibrated state of the non-
dissociated form (neutral form) and the dissociated form (an-
ion form) mentioned below depending on pH. It was found
that the fluorescence profiles of the compounds were signifi-
cantly different from each other, for example, the absorption
spectrum of the dissociated form shifts to the longer wave-
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length side compared with the non-dissociated form, absorp-
tion coefficients and fluorescence quantum yields of them are
different, and the like.

[Formula 15]
X
HO Si (¢]
neutral form
x
[S]
O /Sl\ (0]
anion form
€ D4
Anion form 110000 0.42
Neutral form 29000 0.10

The results of comparison of the absorption wavelengths of
2-Me TokyoMagenta and 2-Me TokyoGreen (9-(2'-meth-
ylphenyl)-xanthen-3-one) having oxygen atom at the 10-po-
sition of the xanthene ring are shown in FIG. 2 and Table 1.
The measurement was performed at pH 3 and 9 in a sodium
phosphate buffer. As a result, it was demonstrated that 2-Me
TokyoMagenta showed a larger absorption wavelength
change with change of pH compared with 2-Me TokyoGreen
(in Table 1, Neutral form corresponds to pH 3, and Anion
form corresponds to pH 9).

TABLE 1
Amax 2-Me TokyoGreen 2-Me TokyoMagenta
Anion form 492 582
Neutral form 439 471
Example 3

The characteristics of 2-Me TokyoMagenta fgal, which
was designed as a fluorescent probe for [3-galactosidase mea-
surement, as an enzyme substrate and a fluorescent probe
were evaluated. There are shown absorption spectra (FIG. 3,
upper left graph) and fluorescence spectra (FIG. 3, upper right
graph (excitation wavelength, 582 nm) and FIG. 3, lower left
graph (excitation wavelength, 448 nm)) of 2-Me TokyoMa-
genta Bgal measured before and after a treatment with 6-ga-
lactosidase (6 units) in a 0.1M sodium phosphate bufter (pH
7.0) containing 0.1% dimethyl sulfoxide. The Amax values
measured before and after the reaction were 448 nm (before
the reaction), and 582 nm (after the reaction), respectively.

Advance of the hydrolysis reaction of 2-Me TokyoMa-
genta pgal by [-galactosidase was monitored by periodically
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measuring fluorescence intensity. As a control, 2-Me-4-OMe
TokyoGreen Pgal (9-(4'-methoxy-2'-methylphenyl)-6-(p-D-
galactopyranosyloxy)-xanthen-3-one), which had been
already widely used as a fluorescent probe for §-galactosi-
dase measurement, was used. The reaction was performed at
37°C.ina0.1M sodium phosphate buffer (pH 7.4) containing
1 uM 2-Me TokyoMagenta figal or 2-Me-4-OMe Tokyo-
Green pgal and 0.1% dimethy] sulfoxide. One unit (1.3 pug) of
[-galactosidase was added 40 seconds afterward. The results
are shown in FIG. 4. As shown in the following scheme,
fluorescence was generated by cancellation of PET in the case
of 2-Me-4-OMe TokyoGreen Pgal, and increase of fluores-
cence intensity due to red shift was observed in the case of
2-Me TokyoMagenta Pgal.

[Formula 16]

HO, B-galactosidase
redshift
HO
non-fluorescent
Ex =580 nm
AN
€]
[e] /Sl\ (0]
fluorescent
Ex =580 nm
HO, B-galactosidase
HO

non-fluorescent

OMe
A
©
O (0] (0]
fluorescent
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Example 4

2-Me TokyoMagenta Sgal was introduced into cells, and it
was confirmed that it functioned as a fluorescent probe for
[-galactosidase measurement. The HEK293 cells (lacZ(+) or
lacZ(-)) were incubated with 10 uM 2-Me TokyoMagenta
Pgal at 37° C. for 30 minutes in the Dulbecco’s modified
Eagle medium (DMEM) containing 0.1% dimethyl sulfox-
ide, and fluorescence spectrum was measured with an exci-
tation wavelength of 580 nm and detection wavelength of 600
to 620 nm. The results are shown in FIG. 5. In the lacZ(+)
cells, fluorescence emitted by the fluorescent probe hydro-
lyzed by p-galactosidase was confirmed, whereas fluores-
cence was not observed in the lacZ(-) cells. On the basis of
this result, it is clear that 2-Me TokyoMagenta pgal intro-
duced into cells functions as a fluorescent probe for -galac-
tosidase measurement.

Example 5

By using 3,6-di-tert-butyldimethylsilyloxy-Si-xanthone
obtained in Example 1, the step (f), Compounds (A) to (E) of
the present invention were synthesized by the following pro-
cedures.

A bromobenzene derivative (1.0 mmol) and anhydrous
tetrahydrofuran (THF, 5 mL) were put into a sufficiently dried
flask inside of which was substituted with argon. The mixture
was cooled to —78° C., and then added with 1M sec-butyl-
lithium (0.5 mmol), and the mixture was stirred for 20 min-
utes. The mixture was slowly added with 3,6-di-tert-bu-
tyldimethylsilyloxy-Si-xanthone (0.015 to 0.019 mmol)
dissolved in anhydrous THF (5 mL) at the same temperature,
and the mixture was returned to room temperature. The mix-
ture was stirred at room temperature for 1 hour, and then
added with 2 N HC1 (5 mL), and the mixture was stirred for 20
minutes. The reaction mixture was extracted with dichlo-
romethane, and the organic layer was washed with brine, and
dried over anhydrous sodium sulfate. The solvent was
removed, and then the residue was purified by HPL.C to obtain
the objective substance.

(a) 2,4-Dimethyl TokyoMagenta (Compound (A))

[Formula 17]

S
HO Si (6]
/\

Yield: 93%

'H-NMR (300 MHz, D,0): 8 0.37 (s, 6H), 1.83 (s, 3H),
2.25 (s, 3H), 6.21 (dd, 2H, J=1.5, 9.5 Hz), 6.75 (d, 1H, J=8.1
Hz), 6.89-6.94 (m, 5H), 7.07 (s, 1H)
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(b) 2,5-Dimethyl TokyoMagenta (Compound (B))

[Formula 18] 5
10

HO Si @]
/\ 15
Yield: 96%

'H-NMR (300 MHz, D,0): § 0.38, (s, 3H), 0.40, (s, 3H),
1.82 (s, 3H), 2.10 (s, 3H), 6.19 (dd, 2, J=2.2, 9.5 Hz), 6.73 20
(s, 1H), 6.89-7.11 (m, 6H)

(c) 2-Methoxy TokyoMagenta (Compound (C))

25
[Formula 19]
30
OMe
x
35
HO /Sl\
Yield: 88% 40
'H-NMR (300 MHz, D,O): 8 0.40, (s, 3H), 0.44, (s, 3H),
3.65 (s, 3H), 6.29 (dd, 2H, J=2.9, 9.5 Hz), 6.96-7.18 (m, 7H),
7.50 (dd, 1H, J=7.0, 7.0 Hz)
45
(d) 2-Methoxy-5-methyl TokyoMagenta (Compound
®)
50
[Formula 20]
OMe 55
HO /Sl\ (6] 60

Yield: 99%

'H-NMR (300 MHz, D,O): 8 0.40, (s, 3H), 0.42, (s, 3H), 65
2.11 (s, 3H), 3.58 (s, 3H), 6.23 (dd, 2H, J=2.2, 9.5 Hz), 6.75
(s, 1H), 6.95-7.03 (m, 5H), 7.21 (d, 1H, J=8.1 Hz)

26
(e) 2,5-Dimethoxy TokyoMagenta (Compound (E))

[Formula 21]

1
/\

Yield: 90%

'H-NMR (300 MHz, D,0): 3 0.39, (s, 3H), 0.41, (s, 3H),
3.53 (s, 3H), 3.58 (s, 3H), 6.22 (dd, 2H, J=2.2, 9.5 Hz), 6.54
(d, 1H, J=2.9 Hz), 6.89-7.02 (m, 6H)

Example 6

Absorption and fluorescence profiles of 2-Me TokyoMa-
genta obtained in the step (g) mentioned above were mea-
sured at various pH values (excitation wavelength, 471 nm).
The results are shown in FIG. 6. It was confirmed that, with
the shift of pH from the acidic side to the alkaline side,
fluorescence intensity decreased around 590 nm, and fluores-
cence intensity increased around 560 nm. It is considered that
2-Me TokyoMagenta exists in an equilibrated state of the
non-dissociated form (neutral form) and the dissociated form
(anion form) mentioned below depending on pH, and it was
found that the fluorescence spectra of the dissociated form
and the non-dissociated form observed with the excitation
wavelength of 471 nm were significantly different from each
other.

Example 7
A germanium-containing compound was synthesized by

the following procedures.

[Formula 22]

\if/
N N o,
I
\If
N Ge N o,
/\
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-continued

“ (C)
H,N NH,

/N

HO OH

/N

O
“ (e)
—_—
TBDMSO Ge OTBDMS

T
HO /Ge\ (@]

(a) N,N,N',N'-3,6-Tetraallyldiamino-Ge-xanthone

Bis(2-bromo-4-N,N-diallylaminophenyl)methane (6.16 g,
11.9 mmol) and anhydrous THF (40 mL) were put into a dried
flask inside of which was substituted with argon. The mixture
was cooled to —78° C., and then added with 1M sec-butyl-
lithium (Bul i, 34 mL, 34 mmol), and the mixture was stirred
for 20 minutes. The mixture was slowly added with
GeMe,Cl, (2.62 mL, 22.7 mmol) dissolved in anhydrous
THF (15 mL) at the same temperature, and the mixture was
returned to room temperature, and stirred for 1 hour. The
reaction was terminated with 2N HCI, and the reaction mix-
ture was neutralized with NaHCO,. This mixture was
extracted with dichloromethane, the organic layer was
washed with brine, and dried over Na,SO,, and then the
solvent was removed. The residue was dissolved in acetone
(120 mL), and the solution was cooled to 0° C. The solution
was added portionwise with KMnO, (5.20 g,32.9 mmol) over
2 hours, and the mixture was further stirred at the same
temperature for 1 hour. The mixture was added with dichlo-
romethane (200 mL), and the mixture was subjected to suc-
tion filtration using filter paper. Then, the solvent was
removed, and the residue was purified by column chromatog-
raphy (silica gel, dichloromethane) to obtain the objective
substance (1.29 g, 2.72 mmol, yield 23%).

'"HNMR (300 MHz, CDCl,): 8 0.54 (s, 6H), 4.00-4.02 (m,
8H) 5.17-5.23 (m, 8H), 5.81-5.94 (m, 4H), 6.72 (d, 2H, J=2.9
Hz), 6.78 (dd, 2H, J=2.6, 9.2 Hz), 8.36 (d, 2H, J=8.8 Hz)

13C NMR (75 MHz, CDCl,): 8-1.8, 52.3, 112.6, 114.4,
116.2,129.6, 131.7, 132.7, 142.8, 149.8, 184.5

LRMS (ESP): m/z Found 475, calculated 475 for [M+H]*

(b) 3,6-Dihydroxy-Ge-xanthone

Pd(PPhs), (330 mg, 0.285 mmol) and 1,3-dimethylbarbi-
turic acid (1.41 g, 9.04 mmol) were put into a dried flask
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inside of which was substituted with argon. The mixture was
added with N,N,N',N'-tetraallyldiamino-Ge-xanthone (1.00
g, 2.11 mmol) dissolved in dichloromethane (50 mL), and the
mixture was stirred at 35° C. for 16 hours. The solvent was
removed, the residue was suspended in saturated aqueous
Na,COj;, and the suspension was extracted with dichlo-
romethane. The organic layer was dried over Na,SO,, the
solvent was removed, and then the residue was purified by
column chromatography (silica gel, ethyl acetate/hexane
(4/3)) to obtain a 3,6-diamino-Ge-xanthone mixture (760 mg,
quantum yield).

'"H NMR (300 MHz, CD,0D): § 0.55 (s, 6H), 6.73-6.76
(m, 4H), 8.33 (d, 2H, J=9.5 Hz)

3C NMR (75 MHz, CD,0D): §-1.9, 116.1, 118.3, 130.9,
133.2, 145.2,152.9,187.3

LRMS (EST*): m/z Found 315, calculated 315 for [M+H]*

(¢) 3,6-Dihydroxy-Ge-xanthone

The 3,6-diamino-Ge-xanthone mixture (760 mg) was dis-
solved in methanol/6N H,SO, (3/4,45 mL). The solution was
cooled to 0° C., and then slowly added with NaNO, (838 mg,
12.1 mmol) dissolved in H,O (5 mL), and the mixture was
stirred at the same temperature for 1 hour. The mixture was
slowly added to boiling 1N H,SO, (70 mL), and the mixture
was further refluxed for 10 minutes, and then cooled on ice.
The reaction mixture was extracted with dichloromethane,
and the organic layer was sufficiently washed with brine. The
organic layer was dried over Na,SO,, the solvent was
removed, and then the residue was purified by column chro-
matography (silica gel, ethyl acetate/hexane (1/1)) to obtain
3,6-dihydroxy-Ge-xanthone (478 mg, 1.52 mmol, yield 56%
in 2 steps).

'H NMR (300 MHz, CD,0D): & 0.58 (s, 6H), 6.90 (dd,
211,J=2.2,8.8 Hz), 7.0 (d, 2H, J=2.2 Hz), 8.25 (d, 2H, J=8.8
Hz)

3C NMR (75 MHz, CD,0D): §-2.0, 117.7, 120.0, 133.7,
133.8, 145.6, 162.0, 187.7

LRMS (ESI"). Found 317, calculated 317 for [M+H]*

(d) 3,6-DiTBDMSO-Ge-xanthone

Dihydroxy-Ge-xanthone (478 mg, 1.52 mmol) and imida-
zole (1.77 g, 26.0 mmol) were dissolved in dichloromethane
(150 mL), the solution was slowly added with TBDMSC1
(3.70 g, 24.5 mmol) dissolved in dichloromethane (50 mL),
and the mixture was stirred at room temperature for 14 hours.
The mixture was added with H,O, the mixture was extracted
with dichloromethane, and the organic layer was washed with
brine. The organic layer was dried over Na,SO,, the solvent
was removed, and then the residue was purified by column
chromatography (silica gel, ethyl acetate/hexane (1/30)) to
obtain 3,6-diTBDMSO-Ge-xanthone (702 mg, 1.29 mmol,
yield 85%).

'"HNMR (300 MHz, CDCI,): 8 0.25 (s, 12H), 0.59 (s, 6H),
1.01 (s, 18H), 6.92-6.98 (d, 4H, m), 8.36 (d, 2H, J=8.1 Hz)

13C NMR (75 MHz, CDCl,): 8-4.4, -1.6, 18.2, 25.8,
121.1, 1237, 132.5, 134.6, 143.6, 158.6, 185.9

LRMS (EST*): m/z Found 145, calculated 145 for [M+11]*

(e) Synthesis of compound represented by the
general formula (I) (general procedure)

A bromobenzene derivative (1.0 mmol) and anhydrous
THF (5 mL) were put into a sufficiently dried flask inside of
which was substituted with argon. The mixture was cooled to
-78° C., and then added with 1M sec-BuL.i (0.5 mmol), and
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the mixture was stirred for 20 minutes. The mixture was
slowly added with 3,6-diOTBDMS-X-xanthone (0.015 to
0.020 mmol) dissolved in anhydrous THF (5 mL) at the same
temperature, and the mixture was returned to room tempera-
ture. The mixture was stirred at room temperature for 1 hour,
and then added with 2 N HCI (10 mL), and the mixture was
stirred for 20 minutes. The mixture was extracted with dichlo-
romethane, and the organic layer was washed with brine. The
organic layer was dried over Na,SO,, the solvent was
removed, and then the residue was purified by HPL.C to obtain
a compound represented by the general formula ().

(e) 2-Me Ge-TM

According to the method of (e) mentioned above, the
objective substance was obtained (yield 99%)

'H-NMR (300 MHz, D,0): & 0.42 (s, 6H), 1.80 (s, 3H),
6.11(dd, 2H, 1=2.2, 9.5 Hz), 6.79-6.86 (m, SH), 7.06-7.26 (m,
4H)

HRMS (EST*): m/z Found 391.0755, calculated 391.0753
for [M+H]™ (0.2 mmu)

Example 8

[Formula 23]

Br
)
N N ﬁ»

O
ﬁ\ f
N Si\ N ﬂ»
Et/ Et
O
(c)
N Si NH,
Et/ \Et
(@]
(d)
HO Si\ OH
Et/ Et

10

15

20

25

30

35

40

50

60

65

-continued
O
(e)
—_—
TBDMSO /Si OTBDMS
\
Et Et
AN
HO /Sl\ @]

Et Et

(a) N,N,N',N'-3,6-Tetraallyldiamino-diethyl-Si-xan-
thone

Bis(2-bromo-4-N,N-diallylaminophenyl)methane (1.65 g,
3.20mmol) and anhydrous THF (20 mL.) were put into adried
flask inside of which was substituted with argon. The mixture
was cooled to —78° C., and then added with 1M sec-BulL.i (10
ml, 10 mmol), and the mixture was stirred for 20 minutes.
The mixture was slowly added with SiEt,Cl, (1.04 mL, 7.02
mmol, Et represents ethyl group) dissolved in anhydrous THF
(5 mL) at the same temperature, and the mixture was returned
to room temperature, and stirred for 1 hour. The reaction was
terminated with 2 N HCI, and the reaction mixture was neu-
tralized with NaHCO;. This mixture was extracted with
dichloromethane, the organic layer was washed with brine,
and dried over Na,SO,, and then the solvent was removed.
The residue was dissolved in acetone (50 mL.), and the solu-
tion was cooled to 0° C. This solution was added portionwise
with KMnO, (1.49 g, 9.43 mmol) over 2 hours, and the
mixture was further stirred at the same temperature for 1 hour.
This mixture was added with dichloromethane (50 mL), and
the mixture was filtered through Celite. Then, the solvent was
removed, and the residue was purified by column chromatog-
raphy (silica gel, hexane/ethyl acetate (10/1)) to obtain N,N,
N'.N'-3,6-tetraallyldiamino-diethyl-Si-xanthone (419 g,
0.917 mmol, yield 29%).

'"H NMR (300 MHz, CDCl,):  0.91 (s, 10H), 4.01-4.02
(m, 8H) 5.17-5.22 (m, 8H), 5.82-5.94 (m, 4H), 6.79-6.84 (m,
4H), 8.35 (d, 2H, J=8.8 Hz)

13C NMR (75 MHz, CDCl,): § 5.56, 7.48, 52.7, 113.3,
115.0, 116.5, 130.9, 131.6, 133.1, 138.3, 149.9, 185.3

HRMS (ESI+): m/z Found 457.2661, calculated 457.2675
for [IM+H]™ (-1.5 mmu)

(b) 3,6-Diamino-diethyl-Si-xanthone

Pd(PPh;), (204 mg, 0.176 mmol) and 1,3-dimethylbarbi-
turic acid (1.04 g, 6.67 mmol) were put into a dried flask
inside of which was substituted with argon. The mixture was
added with N,N,N',N'-tetraallyldiamino-diethyl-Si-xanthone
(419 mg, 0.917 mmol) dissolved in dichloromethane (30
ml), and the mixture was stirred at 35° C. for 16 hours. The
solvent was removed, the residue was suspended in saturated
aqueous Na,COj;, and the suspension was extracted with
dichloromethane. The organic layer was dried over Na,SO,,
the solvent was removed, and then the residue was purified by
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column chromatography (silica gel, ethyl acetate/hexane
(4/5)) to obtain 3,6-diamino-diethyl-Si-xanthone (236 mg,
0.796 mmol, yield 87%).

'"H NMR (300 MHz, CDCl,): 8 0.83-0.95 (m, 10H), 4.10
(s, 4H), 6.76-6.81 (m, 4H), 8.33 (d, 2H, J=7.8 Hz)

13C NMR (75 MHz, CDCl,): 8 537, 7.38, 116.2, 117.5,
132.0, 132.9, 138.8, 148.9, 185.5

HRMS (ESI*) m/z Found 297.1462, calculated 297.1423
for [M+H]* (3.9 mmu)

(¢) 3,6-Dihydroxy-diethyl-Si-xanthone

The 3,6-Diamino-diethyl-Si-xanthone mixture (236 mg,
0.796 mmol) was dissolved in methanol/6 N H,SO,, (3/4, 35
mL). The solution was cooled to 0° C., and then slowly added
with NaNO, (315 mg, 4.56 mmol) dissolved in H,O (3 mL),
and the mixture was stirred at the same temperature for 1 hour.
The mixture was slowly added to boiling 1N H,SO, (50 mL),
and the mixture was further refluxed for 10 minutes, and then
cooled on ice. The reaction mixture was extracted with
dichloromethane, and the organic layer was sufficiently
washed with brine. The organic layer was dried over Na,SO,,
the solvent was removed, and then the residue was purified by
column chromatography (silica gel, ethyl acetate/hexane
(1/1)) to obtain 3,6-dihydroxy-diethyl-Si-xanthone (74.3 mg,
0.249 mmol, yield 31%).

'"HNMR (300 MHz, CD,0D): 8 0.83-1.04 (m, 10H), 6.99
(dd, 2H, J=2.2, 8.8 Hz), 7.09 (d, 2H, J=2.9 Hz), 8.31 (d, 2H,
J=8.8 Hz)

13C NMR (75 MHz, CDsOD): 8 6.07, 7.56, 118.4, 120.0,
133.4, 135.0, 140.9, 162.0, 187.9

HRMS (EST*): m/z Found 321.0964, calculated 321.0923
for [M+Na]* (4.1 mmu)

(d) 3,6-DITBDMSO-diethyl-Si-xanthone

Dihydroxy-diethyl-Si-xanthone (74.3 mg, 0.249 mmol),
and imidazole (326 mg, 4.79 mmol) were dissolved in dichlo-
romethane (20 ml.), the solution was slowly added with
TBDMSCI (715 mg, 4.74 mmol) dissolved in dichlo-
romethane (5 mL), and the mixture was stirred at room tem-
perature for 14 hours. The mixture was added with H,O, the
mixture was extracted with dichloromethane, and the organic
layer was washed with brine. The organic layer was dried over
Na,SO,, the solvent was removed, and then the residue was
purified by column chromatography (silica gel, ethyl acetate/
hexane (1/30)) to obtain 3,6-diTBDMSO-diethyl-Si-xan-
thone (93.2 mg, 0.177 mmol, yield 71%).

'H NMR (300 MHz, CDCls): 8 0.26 (s, 12H), 0.85-1.02
(m, 28H), 6.98-7.05 (m, 4H), 8.39 (d, 2H, J=8. Hz)

13C NMR (75 MHz, CDCL,): 3-4.14, 5.46, 7.45, 18.5,
25.8,122.1,123.9, 132.5, 135.8, 139.2, 158.7, 186.3

HRMS m/z Found 527.2869, calculated 527.2833 for
[M+H]"* (3.6 mmu)

(e) 2-Me DiE{TM

According to the method of Example 8, the step (e), the
objective substance was obtained (yield 94%).

'HNMR (300 MHz, D,Q, CD,0OD): 8 0.78-1.00 (m, 10H),
1.94 (s, 3H), 8.26 (dd, 2H, J=2.6, 9.2 Hz) 6.88-6.98 (m, 5H),
7.24-7.39 (m, 3H)

HRMS (ESI*): m/z Found 373.1621, calculated 373.1624
for [M+H]" (0.3 mmu)

The optical characteristics of 2-Me TM, 2-Me Ge-TM, and
2-Me DiEtTM obtained in Example 1, 7, and 8, respectively,
are shown in Table 2 mentioned below. In the table, the items
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attached with the letter a were measured in a phosphate buffer
(pH 9), and the item attached with the letter b was measured
in a 0.1M phosphate buffer containing 1% DMSO.

TABLE 2
Aaps™ (M) }"ﬂa (nm) (Dﬂa PKab
2-Me TM 582 598 0.42 6.8
2-Me Ge—TM 572 590 0.47 6.7
2-Me DiEtTM 582 601 0.48 6.9
Example 9
Synthesis of 2-COOH TM
[Formula 24]
(@)
COOtBu
Br
COOH

(LI
HO Si (6]
/\

tert-Butyl 2-bromobenzoate (800 mg, 3.11 mmol) and
anhydrous THF (5 mL) were put into a dried flask inside of
which was substituted with argon. The mixture was cooled to
-78° C., and then added with 1M sec-Bul.i (2.0 mmol), and
the mixture was stirred for 20 minutes. The mixture was
slowly added with 3,6-diOTBDMS-Si-xanthone (40.0 mg,
0.0802 mmol) dissolved in anhydrous THF (5 mL) at the
same temperature, and the mixture was returned to room
temperature. The mixture was stirred at room temperature for
30 minutes, and then added with 2 N HC1 (10 mL), and the
mixture was stirred for 20 minutes. The mixture was extracted
with dichloromethane, and the organic layer was washed with
brine, and dried over Na,SO,. The solvent was removed, then
the residue was added with trifluoroacetic acid (TFA, 3 mL),
and the mixture was stirred at room temperature for 1 hour.
The solvent was removed, and then the residue was purified
by HPLC to obtain 2-COOH TM (13.6 mg, 0.0358 mmol,
yield 45%).

'"H-NMR (300 MHz, CD,COCD;,): 8 0.56 (s, 3H), 0.64 (s,
3H), 6.76 (dd, 2H,J=2.9,8.8 Hz), 6.83 (d, 2H, J=8.8 Hz), 7.23
(d,2H,J=2.9 Hz), 7.38 (d, 1H, J=7.3 Hz), 7.67 (td, 1H, J=1.5,
7.3 Hz),7.80 (td, 1H, I=1.5,7.3 Hz), 7.94 (dd, 1H, J=1.5,7.3
Hz)

3C-NMR (100 MHz, CD,COCD,): 8-1.4, 0.2, 91.1,
117.6,121.1,125.5,126.3,127.0,129.3,130.1, 135.1, 136.7,
138.2, 1553, 157.7, 170.4

HRMS (ESI*): m/z Found 375.1018, calculated 375.1053
for [M+H]" (-3.5 mmu)
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Example 10

[Formula 25] 5

O
/(1)\ (a)
—_—
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O
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-continued

COOH
(LI
HO Si
/\

(a) 4,5-Dichloro-3,6-dihydroxy-Si-xanthone

3,6-Dihydroxy-Si-xanthone (81.1 mg, 0.300 mmol) was
dissolved in methanol (5 mL), the solution was slowly added
with 0.1N NaOH (4 mL) in which NaOCl was dissolved at
100 mM, and the mixture was stirred at room temperature for
1 hour. The reaction mixture was adjusted to pH 2 by addition
of 2 N HCl, and then extracted with ethyl acetate, and the
organic layer was washed with brine. The organic layer was
dried over Na,SO,, the solvent was removed, and then the
residue was purified by column chromatography (silica gel,
ethyl acetate/hexane (1/1)) to obtain 4,5-dichloro-3,6-dihy-
droxy-Si-xanthone (83.8 mg, 0.247 mmol, yield 82%).

'"H-NMR (400 MHz, CD,0D): 8 0.80 (s, 1H), 7.11 (d, 2H,
J=8.8 Hz), 8.27 (d, 2H, J=8.8 Hz)

3C-NMR (100 MHz, CD,OD): 38-1.6, 119.0, 127.0,
132.0, 133.8, 141.4, 158.4, 186.0

HRMS (EST"): m/z Found 339.0053, calculated 339.0011
for [M+H]"* (4.2 mmu)

(b) 4,5-Dichloro-3,6-diOTBDMS-Si-xanthone

4,5-Dichloro-3,6-dihydroxy-Si-xanthone (69.0 mg, 0.203
mmol), and imidazole (54.5 mg, 0.801 mmol) were dissolved
in dichloromethane (10 mL), the mixture was slowly added
with TBDMSCI1 (121 mg, 0.803 mmol), and the mixture was
stirred overnight at room temperature. The solvent was
removed, and then the residue was purified by column chro-
matography (silica gel, dichloromethane) to obtain 4,5-
dichloro-3,6-diOTBDMS-Si-xanthone (109 mg, 0.193
mmol, yield 95%).

'"H-NMR (400 MHz, CDCl,): 8 0.30 (s, 12H), 0.81 (s, 6H),
1.06 (s, 18H), 7.06 (d, 2H, J=8.8 Hz), 8.35 (d, 2H, J=8.8 Hz)

3C-NMR (100 MHz, CDCL,): 8-4.3, 2.0, 18.4, 25.6,
121.5, 130.6, 131.0, 134.2, 140.5, 155.1, 184.9

HRMS (EST*): m/z Found 567.1731, calculated 567.1740
for [M-H]* (0.9 mmu)

(c) 2-Me DCTM

2-Bromotoluene (17.1 mg, 0.100 mmol) and anhydrous
THF (2 mL) were put into a dried flask inside of which was
substituted with argon. The mixture was cooled to -78° C.,
and then added with 1M sec-Bulli (0.10 mmol), and the
mixture was stirred for 20 minutes. The mixture was slowly
added with 4,5-dichloro-3,6-diOTBDMS-Si-xanthone (11.3
mg, 0.0200 mmol) dissolved in anhydrous THF (2 mL) at the
same temperature, and the mixture was returned to room
temperature. The mixture was stirred at room temperature for
1 hour, and then added with 2 N HCI (2 mL), and the mixture
was stirred for 20 minutes. The mixture was extracted with
dichloromethane, and the organic layer was washed with
brine. The organic layer was dried over Na,SO,, the solvent
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was removed, and then the residue was purified by HPLC to
obtain 2-Me DCTM (8.2 mg, 0.020 mmol, yield 99%).

'H-NMR (300 MHz, CD,0D): § 0.87 (s, 3H), 0.87 (s, 3H),
2.04 (s, 3H), 6.57 (d, 2H, J=9.5 Hz), 6.90 (d, 2H, J=9.5 Hz),
7.10 (d, 2H, J=6.6 Hz), 7.32-7.47 (m, 3H)

HRMS (EST*): m/z Found 413.0526, calculated 413.0531
for [M+H]* (-0.5 mmu)

(d) 2-COOH DCTM

tert-Butyl 2-bromobenzoate (129 mg, 0.502 mmol) and
anhydrous THF (5 mL) were put into a dried flask inside of
which was substituted with argon. The mixture was cooled to
-78° C., and then added with 1M sec-BuLi (0.30 mmol), and
the mixture was stirred for 20 minutes. The mixture was
slowly added with 4,5-dichloro-3,6-diOTBDMS-Si-xan-
thone (11.3 mg, 0.0200 mmol) dissolved in anhydrous THF
(5mL) at the same temperature, and the mixture was returned
to room temperature. The mixture was stirred at room tem-
perature for 1 hour, and then added with 2 NHCI (10 mL)), and
the mixture was stirred for 20 minutes. The mixture was
extracted with dichloromethane, and the organic layer was
washed with brine, and dried over Na,SO,. The solvent was
removed, then the residue was added with TFA (5 mL), and
the mixture was stirred at room temperature for 2 hours. The
solvent was removed, and then the residue was purified by
HPLC to obtain 2-COOH DCTM (5.7 mg, 0.013 mmol, yield
64%).

'H-NMR (400 MHz, CD,0D): 8 0.83 (s, 3H), 0.98 (s, 3H),
6.85 (d, 2H, J=8.8 Hz), 6.89 (d, 2H, J=8.8 Hz), 6.98 (d, 1H
J=7.8 Hz), 7.51 (td, 1H, J=1.0, 7.6 Hz), 7.60 (td, 1H, J=1.0,
7.6 Hz), 7.90 (d, 1H, J=7.8 Hz)

13C.NMR (100 MHz, CD,COCD,): 8-0.2, 0.5, 90.0,
119.8,123.6,124.3,126.4,127.1,127.8,129.9,135.1, 136.2,
136.7, 153.6, 158.3, 171.2

HRMS (EST*): m/z Found 443.0241, calculated 443.0273
for [M+H]" (3.2 mmu)

(e) 4,5-Difluoro-3,6-dihydroxy-Si-xanthone

3,6-Dihydroxy-Si-xanthone (13.5 mg, 0.050 mmol) was
dissolved in acetonitrile (3 mL), the solution was added with
Selectfluor (registered trade mark, 35.4 mg, 0.1 mmol), and
the mixture was refluxed overnight by heating at 80° C., and
then purified by HPLC to obtain 4,5-difluoro-3,6-dihydroxy-
Si-xanthone (4.1 mg, 0.013 mmol, yield 27%).

'H-NMR (400 MHz, CD,0D): 8 0.62-0.63 (m, 6H), 7.12
(m, 2H), 8.13 (d, 2H, J=8.8 Hz)

HRMS (ESI*): m/z. Found 329.0393, calculated 329.0422
for [M+Na]* (-2.9 mmu)

(®) 4,5-Difluoro-3,6-diOTBDMS-Si-xanthone

4,5-Difluoro-3,6-dihydroxy-Si-xanthone (3.1 mg, 0.010
mmol) and imidazole (6.8 mg, 0.10 mmol) were dissolved in
dichloromethane (2 mL), the solution was slowly added with
TBDMSC1 (15.1 mg, 0.10 mmol), and the mixture was
stirred overnight at room temperature. The solvent was
removed, and then the residue was purified by column chro-
matography (silica gel, dichloromethane) to obtain 4,5-dif-
luoro-3,6-diOTBDMS-Si-xanthone (4.7 mg, 0.088 mmol,
yield 88%).

'H-NMR (400 MHz, CDCl,): 8 0.25 (s, 12H), 0.64 (s, 6H),
1.02 (s, 18H), 7.09 (t, 2H, J=8.8 Hz), 8.20 (d, 2H, J=8.8 Hz)

HRMS (ESP): m/z Found 535.2380, calculated 535.2332
for [M+H]"* (4.8 mmu)
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() 2-Me DFTM

2-Bromotoluene (85.5 mg, 0.500 mmol) and anhydrous
THF (3 mL) were put into a dried flask inside of which was
substituted with argon. The mixture was cooled to -78° C.,
and then added with 1M sec-BuLi (0.050 mmol), and the
mixture was stirred for 20 minutes. The mixture was slowly
added with 4,5-difluoro-3,6-diOTBDMS-Si-xanthone (5.4
mg, 0.010 mmol) dissolved in anhydrous THF (3 mL) at the
same temperature, and the mixture was returned to room
temperature. The mixture was stirred at room temperature for
1 hour, and then added with 2 N HCI (2 mL), and the mixture
was stirred for 20 minutes. The mixture was extracted with
dichloromethane, and the organic layer was washed with
brine. The organic layer was dried over Na,SO,, the solvent
was removed, and then the residue was purified by HPLC to
obtain 2-Me DFTM (3.8 mg, 0.010 mmol, quant.).

'"H-NMR (300 MHz, D,0): 8 0.60-0.64 (m, 6H), 1.94 (s,
3H), 6.42 (t, 2H, J=9.5 Hz), 6.90 (d, 2H, J=9.5 Hz), 6.95 (d,
1H,J=7.3 Hz), 7.22 (t, 2H, J=7.3 Hz), 7.32 (t, 1H, J=7.3 Hz),
7.44 (d, 1H, J=7.3 Hz)

HRMS (ESI+): m/z Found 381.11145,
381.1122 for [M+H]* (2.3 mmu)

calculated

(h) 2-COOH DFTM

tert-Butyl 2-bromobenzoate (51 mg, 0.20 mmol) and anhy-
drous THF (3 mL) were put into a dried flask inside of which
was substituted with argon. The mixture was cooled to —78°
C., and then added with 1M sec-BuLi (0.30 mmol), and the
mixture was stirred for 20 minutes. The mixture was slowly
added with 4,5-difluoro-3,6-diOTBDMS-Si-xanthone (5.4
mg, 0.010 mmol) dissolved in anhydrous THF (3 mL) at the
same temperature, and the mixture was returned to room
temperature. The mixture was stirred at room temperature for
1 hour, and then added with 2 N HC1 (10 mL), and the mixture
was stirred for 20 minutes. The mixture was extracted with
dichloromethane, and the organic layer was washed with
brine, and dried over Na,SO,. The solvent was removed, then
the residue was added with TFA (3 mL), and the mixture was
stirred at room temperature for 2 hours. The solvent was
removed, and then the residue was purified by HPL.C to obtain
2-COOH DFTM (2.2 mg, 0.054 mmol, yield 54%).

'H-NMR (300 MHz, CD,0D): 8 0.68 (s, 3H), 0.79 (s, 3H),
6.66 (d, 2H, J=8.8 Hz), 6.87 (t, 2H, 1=9.2 Hz), 7.13 (d, 1H,
J=7.3 Hz), 7.57-7.68 (m, 2H), 7.92 (d, 1H, J=8.1 Hz)

HRMS m/z Found 411.0902, calculated 411.0864 for
[M+H]* (3.8 mmu)

Example 11

[Formula 26]
e}

O O ;
—_—
HO O OH
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(a) 4,5-Dichloro-3,6-dihydroxyxanthone

3,6-Dihydroxyxanthone (45.6 mg, 0.200 mmol) was dis-
solved in methanol (5 mL), the solution was slowly added
with 0.1N NaOH (45 mL) in which NaOCl was dissolved at
10 mM, and the mixture was stirred overnight at room tem-
perature. The reaction mixture was adjusted to pH 2 by addi-
tion of 2 N HCl, and then extracted with ethyl acetate, and the
organic layer was washed with brine. The organic layer was
dried over Na,SO,, the solvent was removed, and then the
residue was purified by column chromatography (silica gel,
ethyl acetate/hexane (2/1)) to obtain 4,5-dichloro-3,6-dihy-
droxyxanthone (57.3 mg, 0.193 mmol, yield 96%).

'H-NMR (400 MHz, CD,0D): 8 7.02 (d, 2H, J=8.8 Hz),
8.01 (d, 2H, J=8.8 Hz)

13C-NMR (100 MHz, CD,0OD): § 109.2, 114.7, 116.0,
126.4,154.9, 161.2, 176.7

HRMS (EST*): m/z Found 318.9527, calculated 318.9541
for [M+Na]* (-1.4 mmu)

(b) 4,5-Dichloro-3,6-diOTBDMS-xanthone

4,5-Dichloro-3,6-dihydroxyxanthone (44.6 mg, 0.150
mmol) and imidazole (40.8 mg, 0.600 mmol) were dissolved
in dichloromethane (10 mL), the solution was slowly added
with TBDMSCI (90.4 mg, 0.600 mmol), and the mixture was
stirred overnight at room temperature. The solvent was
removed, and then the residue was purified by column chro-
matography (silica gel, dichloromethane) to obtain 4,5-
dichloro-3,6-diOTBDMS-xanthone (68.2 mg, 0.130 mmol,
yield 87%).

'H-NMR (400 MHz, CDCL,): 8 0.31 (s, 12H), 1.07 (s,
18H), 6.95 (d, 2H, J=8.8 Hz), 8.12 (d, 2H, J=8.8 Hz)

13C-NMR (100 MHz, CDCL,): 8-4.2, 18.4, 25.6, 113.8,
116.7,117.1, 125.2, 153.5, 157.6, 175.2

HRMS (ESI+): m/z Found 525.1495, calculated 525.1451
for [M+H]" (4.4 mmu)

The optical characteristics of 2-COOH TM, 2-Me DCTM,
2-COOH DCTM, 2-Me DFTM, and 2-COOH DFTM
obtained in Examples 9 and 10 are shown in Table 3 men-
tioned below. The measurement was performed in a 0.1M
phosphate buffer (pH 9) containing 1% DMSO. pKa was
obtained from the absorbance measured in a phosphate buffer
(pH 9) by single-phase or two-phase curve fitting. The quan-
tum yield was obtained by using the quantum yield of 2-Me
TokyoMagenta (0.42) in a 0.1M phosphate bufter (pH 9) as
the standard.
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TABLE 3
A nm
Compound pH3 PHYO  Apars (nm) pKa D,
2-Me TM 472 582 598 6.8 0.42
2-Me DCTM 477 595 607 52 0.48
2-Me DFTM 485 583 598 53 0.57
2-COOH TM 582 598 8.3,7.6 0.38
2-COOH DCTM 591 607 7.1,7.0 0.48
2-COOH DFTM 581 596 7.1,6.9 0.54
Example 12
[Formula 27]

@
O
HO Si 0
/\

(L
AMO Si (6]
/\

2-Me TM (10.6 mg, 0.0308 mmol) and diisopropylethy-
lamine (DIEA, 17.4 ul., 0.0999 mmol) were dissolved in
acetonitrile (5 mL), the solution was slowly added with acetic
acid bromomethyl ester (9.8 uL., 0.10 mmol), and the mixture
was stirred overnight at room temperature. The mixrture was
neutralized by addition of acetic acid, and then purified by
HPLC to obtain 2-Me TMAM (8.9 mg, 0.021 mmol, yield
69%).

'"H-NMR (300 MHz, CDCl,): § 0.49 (s, 3H), 0.51 (s, 3H),
2.06 (s, 3H), 2.11 (s, 3H), 5.79 (s, 2H), 6.31 (dd, 1H, J=9.5,
2.2 Hz), 6.89-6.99 (m, 3H), 7.00 (dd, 1H, J=9.5, 2.2 Hz), 7.09
(d, 1H, J=8.1 Hz), 7.30-7.40 (m, 4H)

HRMS (EST"): m/z Found 417.1536, calculated 417.1522
for [M+H]* (1.4 mmu)

Example 13

[Formula 28]
COOtBu

(@)

Br
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-continued
COOH

(a) 2-Me-4-COOH TM

tert-Butyl 4-bromo-3-methylbenzoate (1.08 g, 3.98 mmol)
and anhydrous THF (20 mL) were put into a dried flask inside
of' which was substituted with argon. The mixture was cooled
to —78° C., and then added with 1M sec-BuLi (4.0 mmol), and
the mixture was stirred for 20 minutes. The mixture was
slowly added with 3,6-diOTBDMS-Si-xanthone (200 mg,
0.403 mmol) dissolved in anhydrous THF (10 mL) at the
same temperature, and the mixture was returned to room
temperature. The mixture was stirred at room temperature for
1 hour, and then added with 2 N HC1 (20 mL), and the mixture
was stirred for 20 minutes. The mixture was extracted with
dichloromethane, and the organic layer was washed with
brine, and dried over Na,SO,. The solvent was removed, then
the residue was added with TFA (20 mL), and the mixture was
stirred at room temperature for 2 hours. The solvent was
removed, and then the residue was purified by column chro-
matography (silica gel, methanol/dichloromethane (1/24)) to
obtain 2-Me-4-COOH TM (148 mg, 0.381 mmol, yield 96%).

'H-NMR (400 MHz, CD,COCD,): § 0.51 (s, 3H), 0.53 (5,
3H), 2.14 (s, 3H), 6.50 (dd, 2H, J=2.4, 9.8 Hz), 6.84 (d, 2H,
J=9.8 Hz), 7.11 (d, 2H, J=2.4 Hz), 7.31 (d, 1H, J=7.8 Hz),
8.03 (dd, 1H, J=1.0, 7.8 Hz), 8.05 (s, 1H)

13C-NMR (100 MHz, CD,;COCD,): 8-1.5, 1.3, 19.5,
123.0,128.0,130.1, 130.5,131.4, 132.1, 137.5,139.2, 145.0,
145.1, 1453, 156.4, 167.4, 172.2

HRMS (EST*): m/z Found 389.1209, calculated 389.1209
for [M+H]* (0.0 mmu)

(b) 2-Me TMCOOAM

2-Me-4-COOH TM (1.9 mg, 0.0049 mmol) and DIEA (20
mg, 0.15 mmol) were dissolved in acetonitrile (1 mL), the
solution was slowly added with acetic acid bromomethyl
ester (25 mg, 0.16 mmol), and the mixture was stirred over-
night at room temperature. The mixture was neutralized by
addition of acetic acid, and then purified by HPLC to obtain
2-Me TMCOOAM (1.3 mg, 0.0024 mmol, yield 50%).
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'H-NMR (300 MHz, CD,CN): 8 0.49-0.52 (m, 6H), 2.04
(s,3H),2.11 (s, 3H), 5.78 (s, 2H), 5.97 (s, 2H), 6.12 (dd, 1H,
J=103, 2.2 Hz), 6.77 (d, 1H, J=8.8 Hz), 6.82 (d, 1H, ]=2.2
Hz),6.85(d, 1H,110.3 Hz), 6.92 (dd, 1H,1=8.8,2.9Hz), 7.28
(d, 1H, J=8.1 Hz), 7.41 (d, 1H, J=2.9 Hz), 7.99 (d, 1H, J=8.1
Hz), 8.05 (s, 1H)

HRMS (EST"): m/z Found 533.1596, calculated 533.1632
for [IM+H]™ (-3.6 mmu)

Example 14

A compound in which a hydrophilic functional group was
introduced into the benzene ring was synthesized as follows.

(a) 2-Me TMIDA

[Formula 29]

)@
/\

2-Me-4-COOH TM (77.6 mg, 0.200 mmol), HATU (114
mg, 0.300 mmol), HOBt.H,O (45.9 mg, 0.300 mmol), di-tert-
butyl iminodiacetate (490 mg, 2.00 mmol) and DIEA (258
mg, 2.00 mmol) were dissolved in DMF (20 mL), and the
solution was stirred at room temperature for 3 hours. The
solution was added with ethyl acetate (50 mL), and the
organic layer was washed with 2 N HCl, and then with brine.
The organic layer was dried over NaSSO,, the solvent was
removed, and then the residue was purified by column chro-
matography (silica gel, methanol/dichloromethane (1/24)).
The resultant was added with trifluoroacetic acid (10 mL),
and the mixture was stirred at room temperature for 1 hour.
The solvent was removed, and then the residue was purified
by HPLC to obtain 2-Me TMIDA (58.8 mg, 0.117 mmol,
yield 59%).

'H-NMR (300 MHz, CD;COCD,): § 0.50 (s, 3H), 0.51 (s,
3H), 2.09 (s, 3H), 4.32 (s, 2H), 4.37 (s, 2H), 6.48 (dd, 2H,
J=9.5,2.2Hz),6.90(d, 2H, J=9.5 Hz), 7.09 (d, 2H, J=2.2 Hz),
7.24 (d, 1H, I=7.3 Hz), 7.42 (dd, 1H, J=7.3, 1.5 Hz), 7.45 (d,
1H, J=1.5 Hz)

13C-NMR (75 MHz, CD,COCDs,): §-1.6,-1.3,19.5,48.5,
52.4,123.0,125.1, 129.5, 130.0, 130.3, 130.7, 136.4, 137.5,
1394, 142.2,145.2, 156.7, 170.7,171.3, 172.1

HRMS (EST"): m/z Found 504.1471, calculated 504.1479
for [M+H]" (-0.8 mmu)
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(b) 2-Me TMIDAAM

[Formula 30]

) ®
/\

2-Me TMIDA (5.0 mg, 0.0099 mmol) and DIEA (3.5 uL,
0.020 mmol) were dissolved in acetonitrile (1 mL), the solu-
tion was slowly added with bromomethyl acetate (3.0 ulL,
0.31 mmol), and the mixture was stirred overnight at room
temperature. The mixture was slowly added with DIEA (3.5
pl, 0.020 mmol) and bromomethyl acetate (3.0 ul,, 0.31
mmol), and the mixture was further stirred overnight at room
temperature. The mixture was neutralized by addition of ace-
tic acid, and then purified by HPLC to obtain 2-Me TMI-
DAAM (1.1 mg, 0.0015 mmol, yield 15%).

'H-NMR (300 MHz, CD,CN):  0.49-0.52 (m, 6H), 2.01
(s, 3H), 2.04 (s, 3H), 2.05 (s, 2.09 (s, 3H), 4.28-4.31 (m, 4H),
5.73 (s, 2H), 5.77 (s, 2H), 5.79 (s, 2H), 6.14 (d, 1H, J=10.3,
2.2 Hz), 6.81-6.98 (m, 4H), 7.19 (d, 1H, J=8.1 Hz), 7.33 (d,
1H, J=8.1 Hz), 7.38-7.43 (m, 2H)

HRMS (ESI*): m/z Found 720.2120, calculated 720.2112
for [M+H]" (0.8 mmu).

(c) 2-Me TMIDAIDA

[Formula 31]
HOOC )COOH
.
O e}

2-Me TMIDA (25.2 mg, 0.0500 mmol), HATU (190 mg,
0.500 mmol), HOBt.H,O (77 mg, 0.50 mmol), di-tert-butyl
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iminodiacetate (245 mg, 1.00 mmol) and DIEA (129 mg, 1.00
mmol) were dissolved in DMF (5 mL), and the solution was
stirred at room temperature for 8 hours. The solution was
added with dichloromethane (50 mL.), and the organic layer
was washed with 2 N HCI, and then with brine. The organic
layer was dried over Na,SO,, the solvent was removed, and
then the residue was purified by column chromatography
(silica gel, methanol/dichloromethane (1/24)). The resultant
was added with trifluoroacetic acid (10 mL), and the mixture
was stirred at room temperature for 2 hours. The solvent was
removed, and then the residue was purified by HPL.C to obtain
2-Me TMIDAIDA (5.2 mg, 0.0070 mmol, yield 14%).

'H-NMR (300 MHz, CD,0OD+NaOD): 8 0.45 (s, 3H), 0.46
(s, 3H), 2.10 (s, 3H), 3.80-4.00 (m, 8H), 149-4.55 (m, 4H),
6.29 (dd, 2H, J=9.5, 2.9 Hz), 6.86 (d, 2H, J=9.5 Hz), 6.89 (d,
1H,J=2.9Hz),7.19(d, 1H, J=8.1 Hz),7.54 (d, 1H, J=8.1 Hz),
7.58 (s, 1H)

HRMS (ESI*): m/z Found 734.1985, calculated 734.2017
for [M+H]" (-3.2 mmu)

(d) 2-Me TMIDAIDAAM

[Formula 32]

2-Me TMIDAIDA (2.7 mg, 0.0037 mmol) and DIEA (3.6
ul, 0.021 mmol) were dissolved in acetonitrile (3 mL), the
solution was slowly added with bromomethyl acetate (2.0 uL,
0.020 mmol), and the mixture was stirred overnight at room
temperature. The mixture was further added with DIEA (1.8
ul, 0.010 mmol) and bromomethyl acetate (1.0 uL, 0.010
mmol), and the mixture was stirred overnight at room tem-
perature. The mixture was neutralized by addition of acetic
acid, and then the tetra-AM ester compound as a reaction
intermediate was purified by HPLC. The obtained intermedi-
ate (2.1 mg) and DIEA (3.6 pul, 0.020 mmol) were dissolved
in acetonitrile (2 mL), the solution was slowly added with
bromomethyl acetate (1.0 pL., 0.010 mmol), and the mixture
was stirred at room temperature for two days. The mixture
was neutralized by addition of acetic acid, and then purified
by HPLC to obtain 2-Me TMIDAIDAAM (0.8 mg, 0.0007
mmol, yield 20%).

'"H-NMR (400 MHz, CD,Cl,): § 0.38-0.43 (m, 6H), 1.96-
2.04 (m, 18H),3.98 (s, 2H), 4.12 (s, 2H), 4.17 (s, 2H), 4.26 (s,
2H), 4.29 (s, 2H), 4.34 (s, 2H), 5.59 (s, 2H), 5.64 (s, 2H), 5.67
(s, 2H),5.69 (s, 2H), 5.73 (s, 2H), 6.09 (d, 1H, J=9.8 Hz), 6.72
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(d, 1H, I=2.0 Hz) 6.82-6.90 (m, 3H), 7.09 (dd, 1H, J=7.8, 2.0
Hz), 7.22 (d, 1H, J=2.4 Hz), 7.30 (d, 11, J=7.3 Hz), 7.36 (s,
1H)
HRMS (BSI*): m/z Found 1094.3043,
1094.3074 for [M+H]* (-3.1 mmu)

calculated

Example 15

Intracellular retentivity of the compounds introduced with
a functional group having the hydrophilic IDA structure into
the benzene ring was examined. It was demonstrated that the
intracellular retentivity was improved by the introduction of
the IDA structure, and thus imaging for a long period of time
could be enabled (FIG. 13).

INDUSTRIAL APPLICABILITY

The compounds represented by the general formula (I) and
salts thereof provided by the present invention show signifi-
cantly deviated maximal absorption wavelengths of the non-
dissociated form (neutral form) and dissociated form (anion
form) compounds thereof, and provide difference of the
wavelengths about twice or more larger than the difference
observed for fluorescein derivatives, and therefore they are
useful as mother nucleus compounds for preparing a fluores-
cent probe enabling highly sensitive measurement of pH,
reactive oxygen species, various enzymes, and the like with-
out depending on the intramolecular photoinduced electron
transfer and control of spiro ring cyclization.

What is claimed is:

1. A compound represented by the following general for-
mula (I):

@

Rl
| *
/
RZ R?
\
RS X o}
/\
R¢ RY R® g7

wherein, in the formula, R' represents hydrogen atom, or
same or different 1 to 5 monovalent substituents existing on
the benzene ring; R? and R independently represent hydro-
gen atom, an alkyl group having 1 to 6 carbon atoms, or a
halogen atom; R* and R® independently represent an alkyl
group having 1 to 6 carbon atoms, or an aryl group having 1
to 6 carbon atoms; R® and R” independently represent hydro-
gen atom, an alkyl group having 1 to 6 carbon atoms, or a
halogen atom; R® represents hydroxy group, or a dialkoxybo-
ranetriyl group; and X represents silicon atom, germanium
atom, or tin atom, or a salt thereof.

2. The compound or a salt thereof according to claim 1,
wherein X is silicon atom, or germanium atom, and RS and R”
are both hydrogen atoms, both chlorine atoms, or both fluo-
rine atoms.

3. The compound or a salt thereof according to claim 1,
wherein R! is hydrogen atom, or 1 to 3 monovalent substitu-
ents existing on the benzene ring (the substituents are selected
from the group consisting of an alkyl group having 1 to 6
carbon atoms, an alkenyl group having 1 to 6 carbon atoms, an
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alkynyl group having 1 to 6 carbon atoms, an alkoxy group
having 1 to 6 carbon atoms, hydroxy group, carboxy group,
sulfonyl group, an alkoxycarbonyl group, a halogen atom,
and amino group), R* and R? are independently hydrogen
atom, an alkyl group having 1 to 6 carbon atoms, or a halogen
atom, R* and R* are independently an alkyl group having 1 to
6 carbon atoms, and R® is hydroxy group.

4. The compound or a salt thereof according to claim 1,
which comprises a fluorescent probe.

5. A compound represented by the following general for-
mula (II):

an

RZ R?
AN
Y X o)
/' \
R¢ RY R® g7

wherein, in the formula, R* represents hydrogen atom, or
same or different 1 to 5 monovalent substituents existing on
the benzene ring; R* and R? independently represent hydro-
gen atom, an alkyl group having 1 to 6 carbon atoms, or a
halogen atom; R* and R’ independently represent an alkyl
group having 1 to 6 carbon atoms, or an aryl group having 1
to 6 carbon atoms; R° and R” independently represent hydro-
gen atom, an alkyl group having 1 to 6 carbon atoms, or a
halogen atom; R® represents hydroxy group, or a dialkoxybo-
ranetriyl group; X represents silicon atom, germanium atom
or tin atom, and Y represents OR'' (R*! represents hydrogen
atom, or amonovalent group that is cleaved by contact with an
object substance for measurement) or a dialkoxyboranetriyl
group, or a salt thereof.

6. The compound or a salt thereof according to claim 5,
wherein X is silicon atom, or germanium atom, and RS and R”
are both hydrogen atoms, both chlorine atoms, or both fluo-
rine atoms.

7. The compound or a salt thereof according to claim 5,
wherein R! is hydrogen atom, or 1 to 3 monovalent substitu-
ents existing on the benzene ring (the substituents are selected
from the group consisting of an alkyl group having 1 to 6
carbon atoms, an alkoxy group having 1 to 6 carbon atoms,
hydroxy group, carboxy group, sulfonyl group, an alkoxycar-
bonyl group, a halogen atom, and amino group), R* and R> are
independently hydrogen atom, an alkyl group having 1 to 6
carbon atoms, or a halogen atom, R* and R are independently
an alkyl group having 1 to 6 carbon atoms, and Y is OR'* (R*!
is a monovalent group that is cleaved by an enzyme).

8. The compound or a salt thereof according to claim 5,
whereinY is OR' (R'! is a monovalent group that is cleaved
by a reductase, an oxidase, or a hydrolase).

9. The compound or a salt thereof according to claim 8,
wherein R is a monovalent group that is cleaved by an
enzyme selected from the group consisting of p-lactamase,
cytochrome P450 oxidase, [-galactosidase, p-glucosidase,
[p-glucuronidase, [-hexosaminidase, lactase, alkaline phos-
phatase, matrix metalloproteinase, and glutamyl transferase.

10. A fluorescent probe for measurement of pH, which
contains the compound represented by the general formula
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(1D) (in the formula, R*, R?, R, R* R® R® R’, and X have the
same meanings as those defined above, and Y represents
hydroxy group) or a salt thereof according to claim 5.

11. A fluorescent probe for measurement of an enzyme,
which contains the compound or a salt thereof according to
claim 8.

12. A method for preparing the compound represented by
the general formula (I) or a salt thereof according to claim 1,
which comprises:

(a) the step of preparing a compound represented by the

following general formula (III):

(1)

RIZ RIZ
RZ R?
N N
R® R’

(in the formula, R'? represents a halogen atom, and R, R,
R®, and R have the same meanings as those defined
above) from a 3-halogenated N,N-diallylaniline, which
is prepared from a 3-halogenated aniline and an allyl
halide, and formaldehyde,

(b) the step of reacting the compound represented by the
general formula (I11) with X(Halo),(R*)(R®) (Halo rep-
resents chlorine atom, or bromine atom, and X, R?*, and
R” have the same meanings as those defined above), and
then subjecting the resultant to an oxidation reaction to
prepare N,N,N' N'-tetrallyl-diamino-X-xanthone repre-
sented by the following formula,

O
R2 R?
N X N
/' \
R¢ R* R® g7

(c) the step of subjecting the N,N,N',N'-tetrallyl-diamino-
X-xanthone to deallylation to prepare diamino-X-xan-
thone represented by the following formula,

O
RZ R?
H)N X NH.
2. / \ 2
R¢ RY R® g7

(d) the step of converting the amino groups of the diamino-
X-xanthone into hydroxy groups to prepare dihydroxy-
X-xanthone represented by the following formula,
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O
RZ R3
HO X OH
/\
RS RY R® g7

(e) the step of protecting the hydroxy groups of the dihy-
droxy-X-xanthone with protective groups to prepare a
compound represented by the following general formula
Iv):

av)

0
RZ R?
RB0 X OR"
/\
R¢ RY RS g7

(in the formula, R represents a protective group of phe-
nolic hydroxy group, or a dialkoxyboranetriyl group),
and

(D) the step of preparing a compound represented by the
general formula (I) or a salt thereof from the compound
represented by the general formula (IV) and a haloge-
nated benzene derivative.

13. The method according to claim 12, wherein a com-
pound wherein R® and R” are both hydrogen atoms is used as
a starting material in the step (a), the resultant of the step (d)
is reacted with a chlorinating agent or a fluorinating agent to
prepare a compound wherein R® and R” are both chlorine
atoms, or R® and R” are both fluorine atoms, and this com-
pound is used as a starting compound to perform the steps (e)
and (f) and thereby prepare a compound represented by the
general formula (I) wherein R® and R” are both chlorine atoms
or both fluorine atoms.

14. A method for preparing the dihydroxy-X-xanthone
compound; wherein R® and R” are both chlorine atoms, or R°
and R” are both fluorine atoms, which comprises reacting the
dihydroxy-X-xanthone compound mentioned in the step (d)
of the method according to claim 12 wherein R® and R” are
both hydrogen atoms with a chlorinating agent or a fluorinat-
ing agent.

15. A method for preparing a compound represented by the
general formula (I) (in the formula, R? R?, R®, and R’ are
hydrogen atoms, R* and R® are methyl groups, and R® is
hydroxy group) or a salt thereof according to claim 1, which
comprises:

(a) the step of preparing a compound represented by the

following general formula (111a):

(I11a)

RIZ RIZ

LS
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(in the formula, R'? represents a halogen atom) from a
3-halogenated N,N-diallylaniline, which is prepared
from a 3-halogenated aniline and an allyl halide, and
formaldehyde,

(b) the step of reacting the compound represented by the
aforementioned general formula (IIla) with dichlo-
rodimethylsilane, and subjecting the resultant to an oxi-
dation reaction to prepare N,N,N',N'-tetrallyl-diamino-
Si-xanthone represented by the following formula,

\if
N /Sl\ N

(c) the step of preparing diamino-Si-xanthone represented
by the following formula by subjecting the N,N,N',N'-
tetrallyl-diamino-Si-xanthone to deallylation,

H,N Si

/\

NH,
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(d) the step of converting the amino groups of the diamino-
Si-xanthone into hydroxy groups to prepare dihydroxy-
Si-xanthone represented by the following formula,

| OH

(e) the step of protecting the hydroxy groups of the dihy-
droxy-Si-xanthone with protective groups to prepare a
compound represented by the following general formula
(Iva):

HO

/\

(IVa)

RISO OR13

/\

(in the formula, R represents a protective group of phe-
nolic hydroxy group), and

(D) the step of preparing a compound represented by the
aforementioned general formula (I) wherein R* and R?
are hydrogen atoms, or a salt thereof from the compound
represented by the general formula (IVa) and a haloge-
nated benzene derivative.

#* #* #* #* #*



